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PREFACE, 



The jiresent treatise on liquid fuel is, I believe, the first work 
of its kind in the English language. Hitherto no book has 
been published, to my knowledge at least, devoted solely to 
the mechanical and industrial applications of liquid fuel, and 
the problems involved thereby. No apology is therefore 
needed for introducing it to the public, except in so far as its 
imperfections may demand one. These I feel certain are 
many, and I can only crave the reader's indulgence, and ask 
him to make allowances for such shortcomings as he may 
detect, and to bear in mind the difficulties which are in- 
separable from a compilation of a work of this nature. I 
have entitled it a compilation, for it cannot pretend to 
anything more ; indeed, had I called it a translation, I would 
perhaps have been more accurate, as it is principally based 
on the excellent series of articles recently published in the 
* Zeitschrift des Vereines deutscher Ingenieure,* under the 
title of " Die Verwendung fliissiger Heizstoffe fur Schiffs- 
kessel" (The Employment of Liquid Fuels for Marine 
Boilers), itself compiled by Herr Marine-Ingenieur Busley, of 
the German Navy, from every imaginable source. Of these 
articles I had the honour of preparing a condensed abstract 
for the columns of The Engineer newspaper, and it is by 
the kind permission of the proprietors of that periodical that 
I have been enabled to found the present work on this 
abstract. I have made additions to it from the Annual 
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vi Preface, 

Report of the United States Navy Department ; from that 
admirable treatise on Petroleum, the posthumous work of 
Mr. B. J. Carew; from Mr. Marvin's popular * Region of 
Eternal Fire/ Mr. Thwaites' pamphlet on liquid fuel, M. F. 
Hue's 'Aux pays de PHrole^ Mr. Urquhart's paper before 
the Institution of Mechanical Engineers, Mr. Craft's paper 
read at the Memphis meeting of the American National 
Association of Brickmakers, Messrs. Funck & Go's lists, &c. 
Nothwithstanding the pains I have taken, no one can feel 
more deeply than myself the hopeless inadequacy of the 
present volume. Perhaps it will serve the purpose, however, 
of stopping a gap until the time may have become ripe for 
the publication of a thoroughly comprehensive work. After 
all it is not from books, but actual practice alone, that really 
satisfactory knowledge on any given subject can be derived. 
As a guide, therefore, to the practical man, the book may, 
perhaps, be not unacceptable. 

I must not omit to acknowledge publicly my great in- 
debtedness to Mr. James Forrest, the Secretary of the 
Institution of Civil Engineers, through whose courtesy I was 
permitted to make use of the valuable library of that 
institution. 

E. A. BRAYLEY HODGETTS. 

39, Redcliffe Square, 
London, S.W. 

October y 1889. 
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LIQUID FUEL, 



CHAPTER I. 

INTRODUCTION. 

" Liquid Fuel " is a term used to designate the residuals 
of mineral oil, and is thus described by Mr. B. J. Carew in his 

* Practical Treatise on Petroleum ' : — " Under the name of 

* liquid fuel ' the heavy residual oil left in the still after the 
burning oil has been taken off, and constituting about 60 per 
cent of the original charge, is very extensively employed 
under the furnaces and locomotives all through the Caspian 
region." This residual oil the Russians call astatkiy and have 
used very successfully for years past. In England, France 
and Germany, its introduction has hitherto been very much 
hampered by its very high price ; but in Russia, while, as 
Mr. Carew says, Western Europe and the United States have 
been experimenting on, and devising all manner of, petroleum 
furnaces, the problem has been satisfactorily, solved. This 
local success is not due to any great superiority of the inven- 
tions themselves, but simply to the fact that in the Caspian 
region the abundance of petroleum and the comparative 
scarcity of coal have jointly contributed to stimulate inven- 
tions having in view the consumption of petroleum as fuel, 
hence great attention has been given to the subject. Engi- 
neers of the highest skill and reputation have devoted much 
time to improving and devising apparatus for the convenient 
consumption of the heavy oil as a fuel. Their efforts have 
been eminently successful, and now this " liquid fuel " is the 

B 



Digitized by VjOOQIC 
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only fuel used in this district. It has certainly replaced wood 
and coal in all the steamers plying on the Caspian Sea, and in 
the locomotives on the Trans-Caucasian Railway, as well as in 
the furnaces and fectories of that district. Its use has ex- 
tended as far north as Moscow, to Teheran to the south, to 
Merv and Khiva to the east, and ' to Batoum to the west. 
Mr. Carew goes on to say that Baku is the Newcastle of the 
Caspian, and predicts that ere long the Black Sea steamers will 
find this fuel far more economical to use than English coal. 

The use of petroleum as fuel, either as crude petroleum or in 
the shape of residual after the more valuable illuminating oil 
has been extracted, is not by any means an invention of the 
nineteenth century. To quote again from Mr. Carew's 
work : — " The use of petroleum in one or other of its varied 
forms as fuel is traceable to the remotest antiquity. Its com- 
bustible nature, with its heat-producing and light-bearing 
properties, very early attracted the notice of even the most 
barbarous and uncivilised nations. Its scientific adaptation 
to numerous practical uses, in accordance with its chemical 
composition, belongs to modem times. It did not require 
a very prolonged course of experiments to demonstrate its 
entire practicability and its immense advantages in some 
respects over any form of solid fuel." 

Indeed, since the year i860, about which time the scientific 
application of liquid fuel to industrial purposes may be said to 
have commenced, it has made most rapid strides, and in 1870 
it was used during the siege of Paris, when coal had given 
out ; and M. Fernand Hue, in his work entitled * Aux Pays de 
Pdtrole,' tells us that M. Sainte-Claire Deville*s furnace for 
burning petroleum in a liquid state was the means of enabling 
Paris to keep several of its large factories going during that 
terrible year, as well as to grind its flour by steam. 

The history of the introduction of liquid fuel to the notice 
of science may be thus briefly summarised : — In countries 
where it was plentiful, like Pennsylvania and Baku, it was 
used in preference to coal simply on account of its greater 
cheapness in cost. Finding it in use, scientists have experi- 
mented with it, and discovered that theoretically the calorific 
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value of petroleum was twice as great as that of coal, and 
that in actual practice this efficiency could be increased, by 
the adoption of economical furnaces, by half, that is to say, 
liquid fuel is found to do three times the duty of coal. This 
highly satisfactory result was so startling, that theorists have 
ever since warmly advocated the adoption of this fuel for 
nearly all kinds of steam generation. But, unfortunately, the 
moment a stimulus was given to the production of oil residuals, 
notably in Englarid, by Admiral Selwyn, it was discovered 
that the price was altogether forbidding. Indeed, it has been 
argued that the demand would be very much in excess of the 
supply, and that liquid fuel would soon reach famine prices. 
Three Government commissions, in England, France, and 
America, have inquired into the question, and have arrived at 
very nearly the same result ; but Mr. Carew, whose work on 
petroleum is perhaps the most complete in existence, is never- 
theless of opinion that all these experiments have estab- 
lished : — 1st, that the calorific power of petroleum for the 
purposes of generating steam and evaporating water is 
several times greater than that of ordinary coal ; 2nd, that 
when the price of petroleum does not greatly exceed that of 
coal, the former will be certainly selected for all ordinary pur- 
poses of fuel, both for the generation of steam and for furnace 
operations, especially where a high degree of heat is essential ; 
and 3rd, that illuminating gas of a quality far superior to that 
of coal can be made from petroleum. He goes on to say that 
"We must look for the best results from petroleum, both 
economically and technically, in those uses where the im- 
proved product of the manufactured article more than counter- 
balances the difference in the price of the two kinds of fuel." 
Theoretically a generator fed with petroleum should consume 
a ton of liquid against two of solid coal fuel, but in reality, in 
well-built furnaces, the economy is greater still ; it amounts 
to one in three. This is a magnificent result. 

In summing up the case for liquid fuel, Mr. Marvin, in his 
* Region of Eternal Fire,' makes the following statements v — 
" The Russian Government has recently been conducting ex- 
periments with liquid fuel at Sebastopol, with a view to using 

B 2 
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it instead of English coal for the men-of-war of the Black Sea 
fleet. It is contemplated to reduce the Caspian fleet to the 
proportions of a police flotilla, and place it under the control 
of the naval authorities of the Black Sea. Xhis will render 
Baku dockyard a branch of the Black Sea naval establish- 
ment, and the Caspian will certainly prove a nearer source of 
fuel supply than either Newcastle or Cardiff. When petroleum 
fuel has spread to the Black Sea its extension to the Medi- 
terranean is but a mere matter of time. The expensive 
English coal will be hardly able to compete with it here. But 
it is through the Suez Canal, along the Eastern trade routes, 
that the greatest triumph of liquid fuel may be expected. 
Every mile adds to the cost of English fuel in that direction 
and renders competition with astatki shipped from Batoum 
more difficult. From Malta to Singapore, Baku will be able 
before long to keep every coaling station abundantly supplied 
with inexpensive oil refuse. From Singapore to China, the 
task of maintaining the cheap oil supply could be undertaken 
by British Burmah, which possesses enormous deposits of 
petroleum, gradually being opened up. Baku and Rangoon 
could readily furnish enough petroleum fuel for all the trade- 
routes of the East, and may, in fact, be expected some day to 
do so, when its advantages are generally recognised. 

" Those advantages are more important than is commonly 
supposed. The fuel is perfectly smokeless, which is a very 
great merit on board cruisers and men-of-war. Burned in 
locomotives on the Metropolitan Railway, it would put an end 
at once to the greatest difficulty experienced in working the 
line — the annoyance to the passengers occasioned by the 
smoke. If petroleum-burning engines ran on the Under- 
ground Line, as they run on the Trans-Caucasian Railway, 
there would be no need for hideous, smoke-holes ; and if 
employed in the projected Channel Tunnel, the necessity for 
using an elaborate and problematical system of ventilatioa 
would be done away with at once. 

" Another great advantage is the absence of any stoking, and 
the ease with which the fire can be lighted or suppressed at a 
moment's notice. Few people realise the miserable life led 
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by stokers afloat, particularly during the passage through the 
Suez Canal and Red Sea. The sufferings of thousands of 
unfortunates would be suspended at a stroke by using liquid 
fuel, which, being burned in the form of a huge gas jet, requires 
no stoking or personal attendance of any kind, and maintains 
what it is impossible to secure with coal, a steady temperature. 
The fire can be manipulated to any degree of intensity by 
simply touching the cock of the feeding pipes ; and the sole bit 
of trouble — burning a few handfuls of cotton waste or wood in 
the first instance to get up a little steam to start pulverising 
the oil (the work of ten minutes or a quarter of an hour) — is 
abolished in the recently perfected Walker furnace, in which 
some hydrocarbon gas is kept stored for this purpose. Instead 
of there being a stoker or two to each furnace, a single man 
can look after a dozen or twenty furnaces, and, as a matter of 
fact, does so in the Caspian oiKrefineries. This is a very 
important economy. So simple is the fuel to use, and so 
reliable is the action of the pulveriser, that the English and 
the Russian engineers running the steamers from Baku to the 
mouth of the Volga told me that, having turned on and 
adjusted the flame at starting, they concern themselves no 
more about their fires until they reach their destination in a 
couple of days' time. The fuel is clean to use, and there is 
none of the dust arising from coal or wood, which is a great 
nuisance on board passenger steamers. 

" Equally important is the economy gained in storage room. 
A ton of liquid fuel can do the work of two or three tons of 
coal ; thus a steamer can either take two or three times less 
fuel, and utilise the bunker space for cargo purposes, or it can 
go two or three times as far without stopping to coal. But 
there is an additional economy beyond even this. A ton of 
oil refuse, I believe, takes up very little more than half the 
space of a ton of coal. In this manner, in the more econo- 
mical liquid fuel furnaces, 1000 tons of oil refuse not only 
goes as far as 3000 tons of coal, but takes up only the bunker 
space of 500 or 600 tons of coal, and allows the balance of 
2500 tons to be applied to passenger or cargo purposes." 

Farther on Marvin says : — -" The Constantine Kaufman 
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burns only five and one-third pounds per horse-power per 
hour; the Alexander J andre burns six and a half pounds ; 
and the Peter the Greats a large passenger steamer of 200 
horse-power, has the reputation of burning least of all. Its 
consumption is only four and three-quarter pounds of liquid 
fuel per horse-power per hour. Theoretically a ton of liquid 
fuel ought to go as far as two tons of coal ; as a matter of 
fact in the more economical furnaces a proportion of one to 
three is often attained. . . . Practice has demonstrated 
that petroleum refuse is a perfectly safe fuel ; being indeed 
safer even than coal. One' or two scientific men, among them 
Professor Lisenko, of St. Petersburg, have declared the crude 
oil to be dangerous, but Gulishambarov proves this to be a 
fallacy. Petroleum dregs constitute, owing to the difficulty 
of setting fire to them, a material perfectly safe for river 
steamers. This, however, cannot be said of crude petroleum, 
which ignites more readily ; and hence, owing to its dangerous 
qualities and the irrationality of making use of it when dregs 
will do as well, its use ought to be prohibited on rivers." 
Gulishambarov, arguing from practice, combats both these 
opinions. He asserts it is quite safe after standing a little 
while in . the air, and he rightly opines that if there is a 
strong demand for the article as fuel, and the crude oil 
is forthcoming in large quantities, the question of * irra- 
tionality' ought not to be made a cause of official pro- 
hibition. 

" ' Crude petroleum,' " he says, " * only needs to stand in the 
open air for a few days^ and then a firebrand may be safely 
thrust into it ; men may be often seen doing this in the oil 
lakes of Balakhani. In summer it clears itself of its inflam- 
mable qualities very rapidly, which is proved by the fact that 
oil thrown up by the Baku fountains and forming lakes, loses in 
a few days ten or fifteen per cent, of its gravity. This opera- 
tion may be accomplished in winter by heating the oil in open 
receptacles. The flashing point of crude petroleum fresh from 
the well, and having a gravity of 0*870, is 40 degrees Celsius ; 
the flashing point of petroleum refuse ranges between 80 and 
170 degrees Celsius, But the same crude oil that flashed at 
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40 degrees on issuing from the well, will not flash under 60 
degrees if allowed to remain in the open air a week ; while 
after a fortnight the temperature must be 70 degrees for it to 
ignite. Abundant proof might also be cited from the ex- 
perience of the last ten years at Baku. Thousands of tons of 
crude petroleum, thrown up by the fountains and allowed to 
spoil in the surface lakes, have been used as fuel without any 
mishaps. For years also the locomotives of the Petroleum 
Branch of the Trans-Caucasian Railway have been running 
daily from Balakhani to Baku with train-loads of crude petro- 
leum freshly drawn from the wells, without a single case of 
explosion.* " 

Briefly then there can be no doubt that the only grave 
objection to the general application of liquid fuel has been 
its price. This, however, depends upon the law of supply 
and demand, and there can be no doubt that, as fresh oil 
regions are discovered, this main objection will disappear. 
Already this necessary condition is being rapidly fulfilled. 
Besides the well-known oil regions of the United States and 
the Caspian, new ones have been recently discovered in 
Galicia, Canada, Burmah, Venezuela, and even China. That 
liquid fuel is the cheapest theoretically is now firmly 
established, and its use is already steadily increasing. We 
find it employed in manufactures as well as for locomotives 
and steamers. In America, it is used on a large scale for the 
manufacture of bricks and iron ; we hear of its conversion into 
illuminating gas, and of whole districts being fueled (if we 
may be allowed such an expression) by the natural gas Which 
arises from it. For steel it is said to be the only perfect 
fuel, and in a variety of industries its use is continually 
spreading. 

The present magnitude and development of the trade in 
petroleum have been but little appreciated by the general 
public. Every year the world consumes in round numbers a 
thousand million gallons of petroleum lamp oil alone ; and as 
liquid fuel on steamers, on railways, and in manufactories, 
petroleum is largely used in the United States, Russia, and 
France. In Pennsylvania, and especially at Pittsburg, natural 
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gas, generated by the petroleum wells, is used almost exclu- 
sively for lighting and steam generating purposes, and on the 
waters of the Caspian, flotillas of steamers derive their motive 
power from heavy oil residuals that remain after the raw 
petroleum has gone through the refining process. In England 
alone the imports of petroleum from America and Russia 
amount annually to nearly 2,000,000 barrels a year, and the 
demand is steadily increasing at the rate of 200,000 barrels 
per annum, as the subjoined statistics published by Messrs. 
Henry Funck and Co., will show : — 





Year. 


American. 


Russian. 


Total. 






1888 


barrels. 
1,286,148 


barrels. 
549.126 


barrels 
1,835,274 






1887 


1,444,350 


188,461 


1,626,511 






1886 


1,363,801 


46,814 


1,410,615 






1885 


i.367»72o 


70.149 


1,437,869 






1884 


927,919 


17,078 


944,997 






i«83 


1,329,004 


502 


1,329,506 





For heating, lighting, cooking, and even fuel, petroleum is 
coming steadily into greater use. For steam generating 
purposes, it is more economical than coal from a mechanical 
point of view, 95 per cent, of duty can be obtained from it, 
as against 33 to 45 per cent, of duty that can be got from 
coal. This in itself is a great advantage ; but when the other 
economies it entails are borne in mind, such as the abolition 
of stokers, the facilities of fueling ships with it, the ease with 
which it can be tried, and the great cheapness with which it 
can be transported from one point to another by means of 
pipes — so that it can be laid on to towns like a water supply — 
instead of being surprised at the enormous consumption of 
petroleum, one is astonished that this is not greater still, and 
does not compare better with that of coal. 

Still, however, the price must remain for some time to 
come the great obstacle to its more general introduction. 
That this price might be reduced very appreciably even 
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now without the aid of fresh oil-fields, Mr. Thwaite, in 
his able pamphlet* on this subject, abundantly proves. He 
sa)'s : — 

" The average price, after a lengthened period of consider- 
able fluctuation, has gradually receded from 89 cents per 
gallon in 1866, down to 2-4 cents per gallon in 1886. 
Taking the specific gravity of the oil to be c 91, and the cost 
of delivery by one of the five projected pipe lines, free on 
board, at 5 cents per barrel, the cost would thus be about 
25^. per ton. 

"The production of crude petroleum in the Aspsheron 
Peninsula (Baku) in 1866 equalled 2,748,304 gallons. In 
1885 the production had increased to 396,000,000 gallons, and 
the price had receded from 2\d, in 1866, down to o* 118 of a 
penny in 1885, or equivalent to 2s, 5^. a ton. The export of 
oil from Batoum has increased, from July 1886 to July of this 
year,t by 50,000 tons over that of the previous year. 

" On the completion of the proposed great new pipe line 
from the Baku oil wells to the Black Sea coast, and assuming 
a very fair price of 7 copecks to be charged, per pood, for 
transport, the cost of the Baku Russian oil would thus be 
\os, lid. per ton. 

" By chartering a tank steamer the oil could be delivered 
free on board at the ports of the United Kingdom for i/. los. 
a ton. 

" At present the railway tank wagons and storage tanks at 
Batoum are fully utilised for refined petroleum, and there 
are no conveniences for the transport or storage of the crude 
oil." 

In view of these hopeful signs the time seems to have 
arrived for the publication of a treatise on the most econo- 
mical methods in use for the employment of oil residuals as 
fuel for mechanical purposes, and in the following pages we 
propose to give as complete a review of these methods as it is 
in our power in the present early stage of this branch of 

* 'Liquid Fuel: its Advantages for Firing Steam Generators,' by B. H. 
Thwaite, London, 1887, E. & F. N. Spon. 
t 1887. 
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mechanical engineering to do. We shall first give a summary 
of the various furnaces in use for marine boilers, and from 
thence we shall proceed to give a short account of what has 
been done in locomotive furnaces, and finally we shall con- 
clude by enumerating briefly a few of the applications of 
liquid fuel to industrial purposes. 
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CHAPTER II. 

HEARTH-FURNACES. 

The methods employed for using liquid fuel may be roughly 
divided into three classes. According as the oil is used in a 
liquid, steaming, or vaporous condition, these can be described 
as : — (A) Hearth-furnaces ; (B) gas-furnaces ; (C) spray-fur- 
naces. As a very large number of various applications of 
these methods of heating have been patented during the last 
thirty years, only those are illustrated which are best known, 
or which mark a fresh departure, 

(A) Hearth-furnaces. — Under hearth-fires are included all 
those methods by which the liquid fuel is more or less equally 
distributed. These again are classified in their order of pro- 
gress as : — {d) Pan-furnaces ; (p) step-furnaces ; {c) drop- 
furnaces ; (d) oozing-furnaces. 

{a) Pan-furnaces. — ^The stationary pan-furnaces are the 
simplest and most primitive method of utilising liquid fuel. 
Engler * mentions them as to be found in some of the smaller 
mineral oil works of Baku. The liquid fuel residuum from oil 
distileries is pushed into the fire-box in flat bowls, or else it is 
allowed to drop on bowls, stones, and sometimes on the fire- 
bars themselves, where it is burnt up. This method, owing to 
the small amount of air admitted as compared to the quantity 
of fuel, is a very imperfect one, entailing much sooL The 
chimneys of furnaces fitted on this principle invariably give 
off a continuous and impenetrable black vapour. When the 
oil is extended over a larger surface, and is consequently 
brought in contact with a larger volume of air, a certain amount 
of progress is reached. 

♦ Engler, * Das Erdol von Baku * (The Mineral Oil of Baku), p. 32, Stutt- 
gart, 1886. 



Digitized by VjOOQIC 



12 



Liquid Fuel, 



(2) The Pan-furnaces of Bidle* Figs. 1-3, were introduced 
in North America in 1862, and designed especially for marine 
boilers. They consist of a cast-iron fire-box made in one 




piece and closed at the bottom, Fig. 3. This bottom, which 
slants backwards, is fitted with grooves radiating from the 
centre, which ensure an equal distribution of the oil. The oil 

* A. Ledieu, * Les Nouvelles Machines Marines,* vol. iii. p. 166, Paris, 
1882. 
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is pumped out of the storage tanks into a box over the boiler. 
From hence it is conveyed in a pipe along the outside walls of 
the boiler, and it then flows through branch pipes into the 
separate furnaces. These branch pipes, which enter in the 
centre of the fire-box, are surrounded at the mouth by an iron 
basket containing red-hot coal or coke, which set the oil on 
fire. The oil that escapes ignition flows along the grooves and 
is consumed there. Small orifices at the top of the fire-box, 
near the entrance of the pipe, Fig. 3, were provided, with a 
view to the admission of air to ensure perfect combustion. It 
was found, however, that these orifices were insufficient, and 
large volumes of smoke were the result Bidle, therefore, 
introduced fans, and increased the number of orifices. The 
combustion was improved, but the fans had to be driven by 
steam, and the whole arrangement was found too complicated. 
All systems of pan-furnaces have the very great drawback that 
an adequate supply of air cannot be obtained without great 
difficulty, and consequently perfect combustion is not ensured, 
{V) Step-furnaces, — This system of firing, used by Nobel and 
Wittenstrom, is an old one, and would not have been noticed 
here but for the fact that Ostberg * is employing it for his 
Mitis castings, and speaks very highly of it. The system con- 
sists of a series of iron troughs arranged in the shape of steps. 
The oil enters the topmost trough,, and then overflows inta 
the others, until it is all burned. Messrs. Noble and Witten- 
strom introduced an air current to ensure perfect combustion, 
but Ostberg asserts that this object is attained by a special 
chimney construction, and that he has succeeded in getting so- 
high a temperature that he can melt iron at a distance of 1 1 * 8. 
inches from the heating surface. Ostberg's system has reached 
so high a degree of perfection that he can produce eleven out- 
puts in twelve hours. He has so reduced the melting point 
of his iron by adding from 0*05 to o* 10 per cent of aluminium 
that he can make it fluid enough to be cast in moulds without 
the loss of any of its properties. 

Value of Step furnaces, — For marine engines step-furnaces^ 
are impracticable, as the rolling of the vessel makes a regu- 
* * Engineering,* 1886, p. 360. 
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lation of the quantity of oil that should overflow from one 
step to the other an impossibility. Step-furnaces are, how- 
ever, preferable to pan-furnaces, as they admit air from both 



1^ 



c5 




sides ; and, moreover, as the mass of liquid fuel flowing over 
is much thinner than in the case of pan-furnaces, perfect 
combustion is much more easily attained. 
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{c) Drop-furnaces. — The system of drop-furnaces used 
by Audouin,* Figs. 4-6, was first tried in 1865, and exhibited 
at the Paris Exhibition of 1867. Audouin, as a gas engineer, 
attached particular importance to the use of the heavy tar 
oils, and placed a tube of pottery ware, about 29*5 or 39*4 
inches long, in the grate, with a view to keep up a sufficiently 
high temperature to disperse and consume the oil. In place 
of a door to the fire-box, a plate was attached, to which were 
affixed, at the top and in the centre, rows of small iron pipes. 
Each pipe had a tap, and could be cut off from the supply 
pipe leading from the oil tank. To the mouths of the pipes 
a vertical groove was fitted, down which the ignited oil was 
conducted. In the case of stationary boilers, Audouin allowed 
the oil to flow from the supply pipe in a channel along the plate, 
from which it overflowed into the vertical grooves. This, of 
course, necessitates only one supply pipe and one regulating 
tap. The plate that takes the place of the door has openings 
5 mm. wide between the grooves for the admission of air. 
Fig. 6 shows such an opening. The air supply is regulated by 
a valve movable in sections, and fitted in front of the openings. 
The chimney draught is equal to an air pressure that would 
raise a column of water 4 inches, and Audouin claims to have 
evaporated about 23 • 6 to 33 lbs. of water with 22 lbs. of heavy 
tar oil in a longitudinal boiler walled in, with internal firing 
and a wheel draught, which did a duty of about 20-horse 
power. But to judge from experiments made with this system 
the lower figure would appear to be nearer the truth than the 
higher one. 

The Drop-furnaces of St. Claire-Deville and Dupuy de 
L6me, Figs.t 7-9, are based on the system of Audouin, and 
were applied in i Z6% to the boilers of the imperial yacht Puebla, 
the fire-door and fire-bars of which were taken away. A plate 
of cast iron was fixed on the top, and vertical fire-bricks sur- 
rounded by a frame were fitted underneath instead. The upper 
frame of the plate received the mouths of thirteen small pipes, 

♦ ' Annales de Chimie et de Physique,' xv. 1868, p. 30. 

t A. Ledieu, * Les Nouvelles Machines Marines,' Paris, 1882, iii., p. 166. 
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each supplied with a funnel, and into these the oil fell in drops 
from a supply pipe. This supply pipe had a separate cut-off 
tap for each small pipe. The oil flowed into the supply pipe 
from a pipe, also provided with a tap, which was conducted 
from a tank placed high enough to ensure a constant flow of oil. 
The taps regulated the supply of oil into the different pipes, 
and consequently its evaporation and distribution. The burn- 
ing oil flowed out on to the floor of the grate, which inclined 
slightly backwards and was made of fireproof stone, and was 
roofed over by the same material. The fire-bridge also had a 
vaulting of the same height. The space between the vaults 



Fig. 7, 




Fig. 9. 

allowed of the escape of the gases into the tubes. Heavy coal- 
tar oil, with a specific gravity of i '044, was the fuel used. At 
the trial the flame was easily regulated by the taps. Air was 
admitted by means of valves, as in Audouin's system. A 
hand fan had to be used to start the fires with, as the low fun- 
nel of the yacht did not give sufficient draught ; but when the 
engine was set in motion the exhaust puffed through the 
funnel, and caused sufficient draught. During the trial trips 
on the Seine in March and April, 1868, the engines indicated 
65 horse-power, and consumed 3^^ lbs. of oil per horse-power 
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per hour ; whereas they had only indicated 63 horse-power 
when coal was used, and had consumed 5f lbs. of coal per 
horse-power per hour. Experiments have since been made 
with this system on the locomotives of the French Chemin de 
Fer de TEst, in which 22 lbs. of oil evaporated 24 lbs. of water, 
as against 22 lbs. of briquette evaporating only 17*6 lbs. Ac- 
cording to St. Claire-Deville, still better results would have 
been obtained if specially constructed boilers had been used. 

The drop-furnaces of Wagenknecht, Figs. 10 and 11, which 
were made in 1870 and 187 1 for Durient, at Dantzig, for 
their torpedo-boats, were chiefly based on Audouin's system. 



Fig. 10. 



Fig. II. 




Their principal feature is really the arrangement of the hearth. 
The oil flowed out of the pipes into the grooves in the fire-bars 
of which there were as many as there were pipes ; the oil was 
consumed in these grooves, and air was blown through the 
spaces from the unused ashpit, as it was found that the natural 
draught was not sufficient. The petroleum was contained in 
four tanks fitted behind the engine, which were connected by 
pipes, and a simple pump worked by the engine. At each 
revolution of the engine a certain quantity of petroleum was 
driven into the collecting pipe in front of the fire-box. But 
notwithstanding the fans, the combustion was so imperfect that 
a constant column of thick black smoke came out of the funnel. 

C 
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A particular amenity was the trickling of the oil out of the 
fire-bars into the engine room at each roll of the boats. 
Sometimes the fire went out altogether, owing to stoppage of 
the supply-pipe or other accidents. These torpedo-boats made 
about 7*46 knots, with petroleum. As the system proved to 
be inefficient, the boilers were altered and adapted for coal- 
stoking. 

The drop-furnaces of Kamenski * were based on the 
principle of Wagenknecht, and were used with a stationary 
boiler at Baku in 1869, and fitted to the steamer Nasr-Eddin- 
Skahm 1872; these, however, proved so unsatisfactory that 
they were abandoned. 

Value of Drop-furnaces. -;-Th.Q distribution of the burning oil 
in separate grooves is a great advance on the pan and step 
systems, as by this method the admission of air is more easy. 
Nevertheless, the distribution and sub-division of the oil were 
not carried far enough on, this system to insure perfect com- 
bustion. The comparatively successful results obtained by 
Audouin cannot be allowed to carry much weight, as walled-in 
boilers have such great advantages over marine boilers that 
the two cannot be compared. Audouin*s practice of inserting 
a pipe of pottery ware in the furnace was so successful that it 
has been largely adopted by modern constructors especially as 
by this means coal-using boilers can be easily converted into 
oil-users by removing the fire-bars which can always be re- 
placed. But the drop-furnaces, although superior to pan and 
step furnaces, cannot be regarded as satisfactory. The num- 
ber of pipes they necessitate renders them too complicated 
• and makes them liable to get stopped up. They are also a 
source of much annoyance and even danger in rough weather 
at sea, as the oil is liable to overflow, and they cannot there- 
fore be seriously regarded as practicable. 

{d) Oozing Furnaces. — The oozing furnaces of Richardson t 
were patented in England in 1864, and experimented on 
at Chelsea and Woolwich by the inventor, largely assisted by 

* * Morskoi Sbomik,' viii., 1876, p. 5. 

t * Journal of the Royal United Service Institution,* 1866, p. 70. 
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the Admiralty. After three years a certain measure of success 
was attained, and illustrations of this method, tried in February 
1867, are given at Figs. 12-15. The bottom of the furnace 
is lined with ordinary burned slack lime, which is even at the 
top but has vaultings underneath — see Fig. 14. The oil is 
conducted into these vaultings from two tanks situated near 
the boiler ; the supply-pipe of each furnace has a separate tap 
at the front wall of the boiler, side by side with the oil pipe ; 
there Is a steam pipe in the furnace which, as is shown in Fig, 
1 5, passes twice along the upper portion of the stratum of lime 



Fig. 12. 



Fig. 13. 




Fig. 14. 



Fig. 15. 



for the purpose of superheating the steam it contains, and then 
delivers into the entrance place of the oil by means of three 
conical mouthpieces underneath the stratum of lime. The 
oil oozes up through the covering of lime, which serves as a 
sort of wick and is ignited at once and consumed. The 
steam is used chiefly for the purpose of obtaining the requisite 
draught, but helps also to distribute the oil. Mr. Richardson's 
last experiments made in 1867 with a boiler fitted with two 
furnaces and with a grate surface of 3 ' 72 square metres, and 
a heating surface of 14*78 square metres, and a steam pressure 

C 2 
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of 0'7 kilogs. per square centimetre, gave the following 
results : — 



Date 

1867. 


ji 






in 

III 





Kind of oil used. 


Smoke. 


5 Feb. 


8-0 


115-7 


11-24 


55 


39-91 


1 tar oil, i shale oil. 


Very thick, and 
black. 


6 „ 


8-0 


102-5 


12-92 


30 


27-94 


7 »> 2 »» 


Verymoderate & 
light brown. 


7 M 


6-5 


110-7 


12-63 


30 


23-94 


« »» ¥ >» 


Ditto. 


8 „ 


7-0 


103-8 


14-71 


45 


20-02 


jand^ Am. raw 
(petroleum. 


Moderate and 
dark brown. 


9 .. 


6-5 


127-0 


16-76 


40 


17-95 


Shale oil. 


Ditto. 


II „ 


6-1 


112-5 


19-66 


60 


20*02 


Tar oil. 


Very thick and 
black. 



These experiments are interesting, inasmuch as they show 
that the unmixed oils had greater power of evaporisation than 
when they were mixed. It is doubtful whether in the last 
experiment the vaporisation attained was really twentyfold, 
for to judge by the thick black smoke that issued from the 
chimney the combustion could not have been perfect. The 
pehultimate experiment, in which a seventeenfold vaporisation 
was reached, is nevertheless exceedingly remarkable. A 
Commission appointed by the Admiralty, to test this system 
reported very favourably ; but the system was not adopted, as 
the price of oils used by Richardson was then about 70J. per 
ton, whereas, 1 5 J. per ton of good coal was then a high price. 
Other considerations, to be discussed further on, also had 
weight. 

The oozing furnaces of MacKine were patented in the 
United States in 1865,* but proved too complicated for prac- 
tical use, and will therefore receive but brief mention. The 
floor of the furnace is covered with a layer of sand ; the door 

* {Specification of Patents of the U.S.A., 1865, No. 48,967. 
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of the furnace is constructed to admit the air. The sand lies 
in a closed cast-iron box filled with water. The oil is under 
this, and traverses this box in a pipe, and enters the layer of 
sand through which it percolates. The water-box is intended 
to cool the oil. By means of a tank and pipes this water is 
removed and replaced by other water when it gets heated. 
This tank is near the boiler, and its bottom lies rather lower 
than the sand layer. A pipe leads from this tank into the 
oil space, and the water can, by turning a tap, be let into the , 
latter, and thus the oil is forced up the pipe that leads it into 
the sand. It is claimed for this system that the American 
mineral oil used was consumed by a fairly short flame with a 
natural draught. 

The oozing furnace of Verstraet was patented in England 
in 1868,* and based on the same principle as those of 
Richardson and MacKine. Verstraet's grate is in the shape 
of a cup, which is filled with pumice-stone, which acts as the 
percolating medium for the oil. It has been mentioned by 
Iron — 1885, vol. ii., p. 473 — that Verstraet first made liquid 
fuel for steam generation known to the French, and that he 
was thus the teacher, so to speak, of St. Claire-Deville ; but 
this is scarcely correct, seeing that the French were working 
with drip-grates and not oozing furnaces at that time. The 
system of th6 American, Hayes, resembles that of Verstraet 
very strongly. He uses mineral oil, and introduces it into a 
layer of coke dust and small stones, &c. 

The oozing furnace of Patersonf was tried in 1878 in 
New Jersey, in a small vertical boiler of 16 in. in diameter, 
and 48 in. high, and was said to* generate steam in a few 
minutes of 97 lbs. per square inch. It consisted of an iron tank 
7*9 and 5*7 and 4*5 inches, which was filled with asbestos. 
There were openings at the side of the tank, and the oil was 
introduced from below through a pipe, which was regulated 
by a tap. As soon as the asbestos had become saturated 
with oil it was lighted up, and the flames rose up out of the 
asbestos and the sides of the tank. Combustion could 

* English Specification of Patents, 1868, No. 1262. 
t Dingler's * Polytechnic Journal,' ccxxviii. p. 90. 
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scarcely have been very perfect, as much black smoke was 
given off ; but later a very high temperature was developed. 
Any further success of this system has not been heard of. 

Value of Oozing Furnaces, — Oozing fires must be regarded 
as the most successful of furnaces for liquid fuel, as by means 
of the layer pf porous material employed distribution of the 
fuel is secured. Nevertheless, perfect combustion cannot be 
insured for long. The oil is not able to burn off equally, but 
its lighter components are given off first, whereas the heavier 
constituents remain in the porous layer. As the heavy 
constituents of the oil accumulate in the porous layer, the 
lighter oils, continually supplied, find increasing difficulty in 
oozing through ; and a period must arise when this porous 
layer becomes completely choked up. This period will 
arrive earlier in the case of the Richardson furnace, which is, 
after all, the best, as he employs heavier oils. Oozing furnaces 
have, owing to this disadvantage, fallen into disuse, notwith- 
standing the fact that they succeeded in attaining with ease a 
fourteenfold vaporisation, whereas the drip-grates did not 
reach a higher figure than tenfold. 
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CHAPTER III. 

GAS-FURNACES. 

(B) Gas-furnaces, — Gas-furnaces are those in which the fuel 
is conducted to the furnace in a gaseous state. In com- 
parison with the other systems there are not many of these 
furnaces, but the most remarkable will be briefly described. 
The furnace of Shaw and Linton,* patented in America 

Fig. i6. 




in 1862, and intended for locomotives and marine engines, 
represents the transition from hearth furnaces to gas furnaces. 
As shown at Fig. 16, the oil enters a reservoir in a tank in 
the furnace, and flows on to the fire-plate, which has been 
previously heated by a coal or wood fire. The lighter oils 

♦ 'Journal of the Royal United Service Institution,* 1886, p. 72. 
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evaporate and enter the fire-box, where they are' consumed. 
The unconsumed oil flows into a receptacle below, which is 
heated to a greater temperature, and here the heavier oils are 
evaporated. The residuals that have survived so far are now 
conducted to the floor of the furnace, from which the fire-bars 
have been taken, and which is furnished with a cast-iron plate 
with indentations in it. Here the residuals are burnt in the 
fire. Next to the oil supply pipe there is a pipe for the 
introduction of air. This system had this disadvantage, that 
the mass of oil-vapour was not always in consonance with the 
amount that could be consumed, and consequently, to avoid 
explosions, a safety-valve had to be provided for the escape 
of the gases that were in excess. During the trials of Shaw 
and Linton with a marine engine, the reservoir over the boiler 
was kept supplied from the tanks by means of a pump, and a 
steam jet into the furnaces increased the draught. To obtain 
this steam jet a subsidiary boiler was heated with anthracite 
before the generation of steam commenced in the main boiler. 
The latter took about twenty-eight minutes with oil or the 
residuals of oil fuel, sixty minutes with coal, and 2 • 2 lbs. of 
oil evaporated 228 lbs. of water ; whereas the anthracite did 
not evaporate more than \\\ lbs. of water. The temperature 
was so high that the funnel got red-hot about 30 cm. from its 
base — a sign that the heat was not used up because the 
heating surface was not sufficiently large. This system was 
wrecked owing to the large working expenses it entailed. 

The gas-furnace of Mallet* was patented in France, in 
1864, but was intended for laboratories, and not much for 
boilers. Mallet heated the heavy oils and burnt the steam 
by means of strong currents of air, which created a very 
high temperature. . 

Footers t gas-furnace. Figs. 17-19, was tried by the 
U.S. Navy Department, in 1867^ on board the gunboat 
PalsOy near New York, during her trial trips at sea. The 
whole appliance consists of a cast-iron retort A, Fig. 17, with 
a wrought-iron bottom riveted on, which can be fixed to any 

* * Brevets d'Inventions,* 1864, No. 62,498. 

t * Engineering,' i., 1868, p. 60; Dingier, vol. clxxxviii. p. 211. 
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boiler grate after removal of the fire-bars. The petroleum is 
introduced into this retort by a pipe B, about 12 inches in 
diameter ; the vapour of the petroleum then streams out of 

Fig. 17. 




Fig. 18. 




burners through another set of pipes. Fig. 19 gives the 
grouping of these burners on the floor of a furnace. At the 
top of the retort a pipe containing steam, and another pipe 
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leading from an air pump, debouch. The pipes marked K 
convey the petroleum vapour to the burners under the retort. 
A wood fire is kindled on the floor of the retort, and kept 
up till the heat volatilises the petroleum the moment 
it enters. The petroleum is then allowed to flow out of a 
reservoir in the retort situated on a higher level, and the gases 
streaming out of the burners are ignited. The wood fire is 
now extinguished, because the burners now heat the retort, 
and the evaporation of the petroleum continues without 
interruption. The burners show at first a dull smoky flame ; 
but the moment steam has been generated some of this can be 

Fig. 19. 




admitted into the steam pipe, which has by this time become 
red-hot ; the steam gets superheated, and the combustion of 
the burners improves, but it is not yet perfect. This is not 
attained until the air pipe forces air at a pressure of about 
4 lbs. per square inch into the retort. A clear blue intensely 
hot flame is said to be the result. Particles of oil that are 
not consumed are deposited on the circular covering of the 
burners, which are red-hot, and are instantly ignited ; thus 
perfect combustion is ensured. The introduction of oil, steam, 
and air into the retort is regulated by taps in the pipes. 
During the trial trips steam was generated twenty-five 
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minutes after lighting the fires, and the boat is said to have 
attained a speed of 13-04 knots ; whereas before, when coals 
were used, it had never made more than 8 knots. These 
statements are decidedly exaggerated, as the Palos is said to 
have a displacement of 350 tons ; whereas she appears in the 
Navy List as having 420 tons displacement, and to make on 
the average 11 knots, and not 8. Footers statements of 
evaporations attained are also, exaggerated. He avers that 
he evaporated in nine hours 6000 lbs. of water with 279 lbs. of 
petroleum — that is, obtained a 2i*S-fold evaporation. He 
also states that the United States Navy Department was so 
pleased with the results that it ordered the adoption of this 
system for several large transport ships. But nothing has 
been heard of these vessels, and the technical press gave 
somewhat different accounts.* From these it appears that 
the retort, as well as the pipes and burners, have no durability 
in them ; the temperature they are exposed to being so 
excessive as to necessitate constant repairs. Besides, it would 
seem that the residuals stop up the various pipes, and that 
some of these had to be taken out and cleaned after forty- 
eight hours' use. We have consequently not heard any more 
of Foote's system. 

The gas-furnace of Dorsett and Blythe, f Figs. 20 and 21, 
was tried in England in 1868 on the steamship Retriever, 
SCO tons, 90 indicated horse-power. Dorsett and Blythe did 
not combine the retort and the burners as did Foote, but 
separated them. On board the Retriever they had erected, 
besides the usual tubular boiler with three furnaces, two small 
vertical boilers which served as retorts. When steam was 
generated these two boilers were filled with heavy tar-oil of 
1*050 specific gravity, and this was evaporated by means of 
an ordinary coal fire. When the oil vapour had reached a 
pressure of about 20 lbs. per square inch it was conveyed to 
the retorts of the furnaces, where it entered into a couple 
of burners) which continued the evaporation of the oils. When 
the oil vapour had attained a pressure of 50 lbs. per square 

* ' American ArlisaD,' 8th May, 1868. 

t * Engineering,* ii., 1868, pp. 324 and 340. 
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inch, or a temperature of 932° F,, it was let into the furnaces of 
the steam boiler. Each of these was closed with an ash-plate. 



Fig. 20. 




Fig. 21. 




About 75 mm, above this a sheet of iron was attached which 
extended backwards as far as the combustion chamber. About 
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75 mm. above this sheet again, there was another iron sheet, 
shorter and perforated, which was covered with fire-bricks. 
The back opening between the two sheets was completely 
filled with such bricks, the forward part only partially so, so 
that a certain volume of air could enter and find its way 
through the holes in the sheet and the bricks into the furnace. 
Another volume of air which could be regulated by means of 
a sliding valve could enter into the combustion chamber 
between the lower iron sheet and the ash-plate. The gas- 
supply pipe that entered each furnace went along the fire- 
bricks as far as the combustion chamber and then turned back 
again. The combustion chamber at the back, which was 
common to all three furnaces, also contained a gas pipe which 
lay across and communicated with those in the furnaces. The 
gas pipes in the furnaces had four holes of 0'o8 inch in 
diameter, and the pipe in the combustion chamber had eight 
such holes, so that the boiler was heated by twenty flames. 
Each pipe had an entrance and a vent tap. The first was 
for regulating the supply, the last for carrying off any con- 
densed oil which might form during the heating. Owing to 
the very high temperature of the oil vapour the retort boilers 
as well as the gas pipes had to be covered with a coating of 
sheet iron and the spaces between were filled up with sand and 
pottery. About 1 50 horse-power was given out by the engine, 
which means, at an hourly consumption of 529 lbs. of oil, 
about 3*52 lbs. of oil per indicated horse-power an hour. 
The evaporation, which was 12 '35-fold according to Paul, 
agrees with these data. The combustion seems to have 
been good also ; between Gravesend and Deptford very 
little smoke was given out by the steamer, and that had a 
temperature of 752° F. Dorsett and Blythe conducted ex- 
periments later at Chatham,* for heating furnaces for armour • 
plates, and they succeeded in bringing to a high temperature 
a 6-inch armour plate in an hour by means of their gas 
furnaces, whereas five hours are required when coal is used. 
The oil consumed in a day of twelve working hours per 

* * Engineering,' i., 1869, p. 324. 
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furnace was a little more than i ton, whereas in the same 
furnace and during the same period a consumption of from 
2 J to 2 J tons of coal would have been requisite. But owing 
to the costliness of the oil furnaces coal carried the day, 
notwithstanding the superiority of the former. 

Value of Gas-furnaces, — Gas-furnaces undoubtedly give 
better results than hearth-furnaces. The distribution of the fuel 
by using it in a gaseous form, and subdividing it in burners, 
has been well carried out by Foote, as well as by Dorsett. Suffi- 
cient air supply is easily procured, and thus good combustion 
is insured. The efficiency of gas-fires, from the point of view 
of performance, is tjierefore beyond doubt. The disadvantages 
which have prevented them from being generally adopted are 
to be found in their being too complicated, and consequently 
entailing a great capital outlay. Another disadvantage is the 
danger arising from gas furnaces, for the temperature of oil 
vapour is about three times as high as that of steam at the 
same pressure ; so that the walls of the retorts have to be 
strong to an enormous degree, and are not safe. But the 
chief fault of the gas furnaces is the rapid stopping up of the 
supply pipes, owing to the residuals not vaporising. 

In the case of the arrangements of Dorsett and of Foote, 
this was found to be the main disadvantage. Mr. Thwaite,* 
however, recommends this method and has applied it as 
follows : — ^The liquid hydrocarbon is injected by steam into 
the centre of the steam generator furnace ; the steam and oil 
pass backwards and forwards through the retort and become, 
on contact with its sides, converted into gas. The gas 
issues in an annular ring from the front of the retort, and, 
striking against a divert-plate of the air-receiver, returns 
around the outside of the edge of the retort, where the gas 
is met by an annular blast of air, producing a hollow cylinder 
of flame in the inside of which is the retort, encircled with 
flame from end to end. The outside periphery of the flame 
is in close contact with the perforated refractory linings of 

* * Liquid Fuel : its Advantages for Firing Steam Generators,* by B. H. 
Thwaite, London, 1887, E. & F. N. Spon. 
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the flue, which not only become incandescent, and prevent 
the oxidising action of the flame on the plates, but prevent 
also a too serious reduction in the temperature of the flame. 
After extensive trials conducted by Mr. Thwaite, the tubes 
were examined and found free from deposited carbon. 
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CHAPTER IV. 

SPRAY-FURNACES SLIT-SPRINKLERS. 

(C) Spray-furnaces, — On this principle the oil is divided into 
small sprays by a steam and air jet, and is then nearly com- 
pletely burnt up in a vaporous condition by means of the 
introduction of air. This air is generally introduced by the 
draught caused by the jet, and the oil is supplied from a tank 
above ; in the case of ships, however, it is pumped up from 
the hold below. The combustion is so perfect that scarcely 
any smoke is generated. Indeed, Engler * says of these fires 
that there is a special charm about their chimneys, which pro- 
duce no smoke, and only give forth trembling gases. But he 
says that the oil residual in locomotive boilers is not so smoke- 
less or free from smell. During the railway journey between 
Tiflis and Baku he noticed smoke and smell, though these 
were not so strong as in the case of German locomotives. It 
is, of course, possible that these locomotives are not provided 
with the latest system of spray-firing. The temperature 
attained by these fires is so high that it is found necessary to 
protect the sides of the fireboxes with fireproof stone, or else 
deflect the flames from them. The oils are divided into minute 
sprays by means of sprinklers, the arrangement of which differ- 
entiates the various systems into the following classes : — {e) 
slit-sprinklers, (/) pipe-sprinklers, and {g) nozzle-sprinklers. 

{e) The Slit-sprinklers, — Lenz's old slit-sprinkler (see Figs. 
22-29) was first used in 1870, and is probably the best 
known on the steamers of the Caspian and the lower Volga. * 
Two pipes lead to the sprinkler in the fire-door. The upper 

* C. Engler, *Das Erdol von Baku' (Mineral Oil of Baku), p. 38. 
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pipe introduces the oil, the lower one the steam. The sprink- 
ler is of cast brass, and divided in two halves by a partition 
A, Fig. 25, so as to prevent the intermixture of the oil and 




D 
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steam. The partition terminates in front in a tapering tongue 
B, in the filed grooves of which, see Fig. 26, the oil flows 
out to be blown away in separate thin sprays by the steam 
that streams out from underneath this tongue. The intervals 
between the sprays of oil serve to facilitate the access of air. 
The flow of oil and steam is regulated by the circular slides 
C C, Figs. 24 and 25, which are pressed by spiral springs 
against the inner walls of the cylindrical sprinkler. A spigot 
fastened eccentrically in the axle of the spindle D grasps each 
slide. The spindles D are firmly packed at E against the 
partition and terminate outside the sprinkler with a square 
section, so that they can be turned by keys, and can thus 
effect the displacement of the slides. Should the flow of the 
oil residual be stopped up, the oil pipe is shut off", and the 
tap F is opened and the tongue-openings are then blown 
through. When a thorough cleaning is necessary, the cover 
G is unscrewed. Figs. 28 and 29 represent a Lenz sprinkler 
fitted into the fire-door of a marine boiler. It revolves 
round its own supply pipes, so that the door can be 
opened and shut without being interfered with by the 
sprinkler. On lighting the fires the sprinkler has to be 
turned out of the fire-box and lighted separately so 
as to avoid explosion inside the fire-box, of which mention 
will be made later. The old Lenz sprinklers did not 
give satisfactory results, as the flame, which was kept well 
together, destroyed the walls and ends of the pipes. As the 
fire-box was not uniformly heated all over by the flame com- 
bustion was imperfect. Considerable soot formed, which had 
to be cleaned out frequently, and this caused a very poor duty 
to be yielded per indicated horse-power per hour, requiring as 
much as 6' 6 to T^ lbs. of mineral oils. The slit sprinkler 
of Korting, Figs. 30 and 31, was made in 1872 and worked 
with air, which was compressed in a specially constructed 
steam jet apparatus. The compressed air was conducted into 
the sprinkler by means of tubing, and was divided by a parti- 
tion into two flat currents, above and below which the slits 
for the oil were placed. Fig. 31 shows the mouth of the 
sprinkler, full size ; it will be seen that the slits are very 
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narrow, they get frequently stopped up. The sprinkler could 
not be cleaned without being taken completely to pieces, 
which entailed considerable delay, for which reason Korting 
introduced the pipe and nozzle sprinklers, to be described 
further on. The new slit sprinkler of Lenz,* Figs. 32 and 33, 
is furnished with a circular opening round the cylindrical 
chamber, instead of a straight slit. This insures a circular 
flow of the oil spray. The slides C C are also made cylindrical 



Fig. 30. 



Fig. 31. 




Fig. 32. 



Fig. 33. 




and are movable backwards and forwards in the chamber. 
For this purpose grooved eccentric rings F are placed round 
the spindles D D, and are run along a groove shown in 
Fig- 33> 111 the centre of the slides C C. The tongue is also 
altered with a view to obtain a broader flame, as will be seen 
from Fig, 32, but the rest of the arrangement of the sprinkler 
remains the same. This improvement was introduced some 
fifteen or twenty years ago, and was specially adapted for 
marine boilers and locomotives. Through its introduction 
the usefulness of Lenz's sprinkler was enormously increased, 
although it made it rather dearer and more complicated. 

* Engler, * Das Erdol von Baku ' (Mineral Oil of Baku), p. 37. 
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The slit-sprinkler of Artemiev,* Figs 34-39, became 
generally known towards the end of 1878. It is simpler than 
Lenz's new sprinkler and consequently much cheaper. The 
difference consists chiefly in the regulation of the supply of 




oil and steam, which is done by taps instead of cylinders. The 
steam and oil are conducted in separate pipes to the semi- 
circular slit, the tongue of which is formed by a disc sharpened 



' Engineering,* i., 1883, p. 577. 



Digitized by VjOOQIC 



spray-furnaces — Slit-sprinklers. 



37 



at its edge. This disc, with its cover, is held in the sprinkler 
by a single screw. The apparatus is attached to the boiler by 




means of the two castings A A, Figl 37, in which it can 
revolve. Should the slit get stopped up the blow-cock B is 
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opened and the cock regulating the oil supply is closed ; 
should the entire apparatus get dirty it can be taken to pieces 
and cleaned in a few minutes, being previously turned out of 
the fire-box and the screw of the cover being taken off. This 
can be done so quickly that the steam need not be stopped 
for a moment. Next to its cheapness this is the chief advan- 
tage of Artemiev*s apparatus. 

The slit-sprinkler of Karapetov, * Figs. 40-44, has been 
regarded as one of the best, and was used more especially for 
locomotives. It resembles those described above that are 
fixed to the boiler with movable pipes, but it has the advan- 
tage of directing the flame on to a fire-proof brick hearth. Fig. 
43, which attains a very high temperature, and ignites any 
drops of oil that may have been unconsumed. The apparatus 
is composed of a central body and three channels ; the upper 
channel conducts oil, the central air, and the lower steam. The 
ends of the sprinkler, which have oil and steam supply pipes, 
are secured to the central body. Fig. 42. The steam jet, 
leaving the slit, draws the air through the central channel and 
brings it to bear on the particles of oil to be consumed and 
favours their complete combustion. The supply of oil is regu- 
lated by a slide A, with a spindle B and a hand-wheel C, 
whereas the steam is regulated by a cock or valve. Two 
screws D D prevent the slide A from slipping back. For pur- 
poses of inspection and cleaning the sprinkler is brought into 
the position indicated by dotted lines in Fig. 43. Even this 
apparatus uses so much oil per horse-power per hour that it 
can only be adopted when the fuel is procurable for next 
to nothing. 

The slit-sprinkler of Brandt,t Figs. 45-48, which was 
introduced in 1880 for locomotives but can be applied to 
torpedo boats, is the most complete apparatus of its kind, 
inasmuch as it insures a circular outflow of the oil, and 
produces a flame which fills equably the whole fire-box. 
The oil flows through the central pipe into the sprinkler^ 
Fig. 45, and passes into the larger upper part A of the exit 

* 'Engineering,' i., 1883, p. 577. 
' t 'Engineering,' 1883, i., p. 600. 
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chamber, which is divided into two compartments by a 
tongue disc, the steam being introduced into the lower 
and smaller section of the same chamber. The upper 
end of the oil-pipe has a socket furnished with the slots 
B B, which can be moved to the channels C C on unscrewing 
the cap D, by which means the distribution of oil can be 
regulated. The oil flowing through the channels C C enters 

Fig. 47- 





the compartments F F, Fig. 46, formed by the ribs E E of 
the tongue discs, and leaves the exit chamber in separate 
thin rays through the orifices G G. On its exit the oil is 
seized by the steam jet leaving the lower exit chamber and 
vaporised. The supply of oil and steam is regulated by cocks. 
The sprinkler is fastened to the ordinary fire-bars, which need 
not be removed — a great advantage. The circular flame is 
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blown upwards by the air entering under the fire-bars, which 
is drawn up by the chimney draught, and circulates round the 
walls of the fire-box in fairly equal proportions. A disadvan- 
tage of this sprinkler is its difficulty of access. This may 
necessitate cutting off steam entirely should cleaning be 
wanted. The slit-sprinkler of Jensen* was experimented with 
in 1883 by the "Forges et Chantiers de la M^diterran^e " in 
Marseilles, with the result that it was fully demonstrated that 
liquid fuel could be successfully employed for the Russian 
torpedo boats of the Black Sea. 

The sprinkler represented in Figs. 49-52, requires no 
further explanation, except that the original mouthpiece A, 
which allowed the parallel exit of the oil and steam jets, had 
to be altered, as no regular combustion was possible with it 
The alteration consisted in making the steam and oil jets 
meet at an angle of 45°, and in removing the partition at 
the mouth ; this was most successful. The cock B was in 
connection with a manometer for the purpose of observing 
the steam pressure necessary for the vaporisation of the oil. 
This cock, which regulated the supply of oil, had the gearing 
E, the air and steam supply cock the gearing D. 

Value of Slit-sprinklers, — All slit-sprinklers have great 
disadvantages, amongst which, however, the waste of oil 
and steam which they entail are foremost. An average 
oil consumption of 6*4 lbs. per horse-power per hour and 
the fivefold or sevenfold evaporation — which is the highest 
attainable according to experiments by Nobel and Gulisham- 
barov — render the use of this system out of the question 
in any but oil regions. The consumption of steam is on 
the same scale, and reaches about 6 or 8 per cent of the 
steam generated by the boiler. A compound engine of 
100 indicated horse-power, which consumes hourly 22 lbs. 
of steam per indicated horse-power, would entail for the work- 
ing of the sprinkler a consumption of steam in twenty-four 
hours of 10x100x24x0*08 = 4232 lbs., or nearly two tons 
a day Moreover, as salt water can only be used when, 
as in the case of the Caspian Sea, the salt is present in 

♦ * Morskoi Sbomik,' 1884, No. i. 
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very small proportions — i '4 per cent — and £is it is impossible 
to carry fresh water for the sprinklers' use, these sprinklers are 
only applicable in cases where steamers are always in fresh 




water, like the Volga steamers for instance, or in waters like 
that of the Caspian. In the Mediterranean, however, where 
the proportion of salt is 4 per cent, a steamer fitted with liquid 
fuel slit-sprinklers would have to be continually blowing off 
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four-fifths of the water in the boiler ; this would mean 6*4 per 
cent of the entire fuel consumption. But on the Caspian no 
more than i • 5 per cent would be thus blown off. Another 
great disadvantage arises from the continued stopping up of 
the slits. This is caused by sand and other impurities in 
the oil, and produces intermittent combustion. It has been 
found necessary in these cases to have two sets of sprinklers in 
the same furnace, so as to prevent a stoppage when cleaning 
becomes suddenly necessary, or to work them alternately. 
Further, it is of frequent occurrence that, owing to strong 
draughts or sudden gusts of wind, these sprinklers are blown 
out. This causes an accumulation of carbonised oil residual 
in the slots, and the entire apparatus has to be taken to pieces 
and thoroughly cleaned before it can again be worked. A 
worse feature, however, is the sudden cooling of fire-walls, 
caused by the extinction of the flame : the temperature being 
very high, the walls are expanded ; a sudden extinction causes 
their contraction ; and thus leaks are of constant occurrence, 
especially in the pipes. But a good many of these very 
serious drawbacks are overcome by the spray fires to be 
considered in the next chapter. 
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CHAPTER V. 

SPRAY-FURNACES —PIPE-SPRINKLERS. 

(/) Pipe-Sprinklers, — Pipe-sprinklers were first used by 
Mr. Brydges Adams,* who adopted them in 1863 in 
America for locomotives. They are, however, just as appli- 
cable to marine engines. Near the boiler is an air-tight oil- 
tank, through the cover of which the pressure pipe of an air- 
pump is conducted. Two concentric pipes, one within the 
other, lead from this tank to the fire. The inner pipe reaches 
down to the bottom of the tank, the outer pipe, only as far as 
the compressed air over the oil. The pressure from the air- 
pump forces a continuous stream of oil into the pipe, and this 
is surrounded by a circular air current from the outer pipe, 
which vaporises it, and thus perfect combustion is insured. The 
oil and air supplies can be regulated at pleasure by means of 
independent cut-offs. The floor of the hearth is closed, and 
is covered, on making the fire, with a layer of glowing coke 
which serves to ignite the oil. The Brydges Adams sprinkler 
worked satisfactorily, but was found too complicated for loco- 
motives owing to the air-pump, which had to be worked by 
the same engine. 

Bullard,t the manager of the Aerated Fuel Company, 
Springfield, Mass., U.S.A., has lately reintroduced this 
sprinkler as something entirely novel. He has certainly made 
it more practicable, but his improvements have also increased 
the complication and expense of the system. The distinction 
of Bullard*s system from that of Brydges Adams consists 

* A. Ledieu, * Les Nouvelles Machines Marines,* Paris, 1882, iii. p. 165. 
t 'The Iron Age,' New York, 27th October, 1887. 
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chiefly in the introduction of an oil and air tank on each side 
of the fire-box, into which any desired number of burners 
in the fire-box communicate. The fire-box can be used for 
coals when preferred. The air is compressed by a Westing- 
house pump to a pressure of 8*33 to 9*72 lbs. per square inch, 
which corresponds with the pressure of 1 1 • i lbs, per square 
inch, used in the Jensen sprinkler. 

A noteworthy improvement of Bullard's is the simple and 
practical pressure regulator for the air. The air as it enters 
presses against a valve, which is kept down by a spiral spring. 
If the air pressure be too great the valve is lifted, at the top 
of the piston rod of the valve a toothed rod is fastened which 
turns a toothed sector on the axle of the steam regulator tap, 
so that the supply of steam to the steam cylinder of the pump 
is reduced. The pump now works more slowly until normal 
speed is again reached, when the spring presses the valve 
down into its old place. The supply of oil is regulated by a 
ball valve. The flame of each burner can be reduced or en- 
larged by means of a hand-wheel, which brings the oil pipe 
nearer or takes it further away as desired. In the former 
case the supply of oil is increased and that of air decreased : 
in the latter the converse is the case. A great advantage 
claimed by this system is that the sprinklers are said not to 
get heated, and it is further stated that they do not get stopped 
up with oil residuals. This latter assertion must be received 
with reserve, however. 

Bullard's sprinklers are in use at paper works in Mechanics- 
ville. New York, and supply the town heating of Springfield. 

The pipe - sprinkler of Brandt,* Figs. 53-55, was con- 
structed in 1880, principally for marine engines. The steam 
and oil pipes are united in a brass casing; their supplies 
are regulated by cocks. The oil escapes through a circular 
orifice which is regulated by a hand-wheel and spindle and 
a needle. The steam escapes through another orifice sur- 
rounding the former. The oil and steam mix in the space 
between the needle and the cap, which is regulated by a screw 

* H. Engler, *Das Erdol von Baku,' p. 34; and 'Engineering,' 1883, i. p. 
600. 
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in the brass CEising. and enters the fire-box in a conical bundle 
of streams, which are then burnt up. The cocks in the orifice 













and steam pipes are left open during work, and the supply is 
regulated entirely by the needle. 
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The sprinkler is so constructed — as will appear from Fig. 55 
— that it can be turned out of the fire-box, the cap can be 
removed, and the entire apparatus tlioroughly cleaned. The 
requisite air enters through holes in the door and the ash valve 
in the fire-box. This sprinkler is preferable to slit-sprinklers, 
inasmuch as it heats the fire-box more equably and entails a 
smaller, though still extremely high, comsumption of oil. 

The pipe sprinkler of Nobel is an improvement on that of 
Brandt, as, by means of a spirally grooved cylinder in the 
sprinkler, a spiral movement is given to the oil and steam 
spray, and thus the fire-box is more equably and thoroughly 
heated, the radiation is improved, as well as the combustion. 

A steam boiler on this system at the Moscow Industrial Ex- 
hibition of 1883 is said by Gulishambarov* to have generated 
as much steam with from 50 lbs. to 60 lbs. of oil residual as could 
have been generated under the same circumstances by 100 lbs- 
of coal. This statement, however, agrees doubtless with the 
reputed fact that from 4*4 to 6*2 lbs. of oil residual was 
required for each indicated horse-power per hour, and leads to 
the conclusion that the boiler and engine must have been ex- 
ceptionally inefficient. For if i lb. of coal had vaporised only 
S lb. of water, i lb. of oil must have evaporated at least 8 • 3 lbs. 
of water. Besides, the effect of Nobel's improvement may be 
secured by cutting spiral grooves into Maulf s escape pipe. 

Smith's t pipe-sprinkler, Figs. 56-58, which has been 
lately patented in England, consists of two concentric pipes, 
of which the inner one can be displaced against the outer one, 
and of a central screw spindle with a cone-shaped outlet. The 
outer pipe receives the oil from a supply pipe, which has a 
branch pipe for the admission of air. The oil and air enter 
the inner pipe throqgh openings in its circumference, and 
reach the cone outlet. The space between the outer and 
inner pipes is filled by steam, which streartis out of the cone- 
shaped outlet in a circular form. The inner pipe has a valve 

* Gulishambarov, *Die Naphthaheizung der Dampfer und Lokomotiven ' 
St. Petersburg, 1883, p. 124. 

t 'Transactions N. E. Coast Institution of Engineers and Shipbuilders,* 
November, 1886, p. 31. 
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at its outlet leading to the cone, and leaves circular slits for 
the escape of the oil and air as the central spindle keeps 
turning. In a similar manner the expansion of the inner 
pipe and the contraction of the outer pipe act like a cone 
valve when the inner pipe is displaced by means of a hand- 




wheel, whereby the escape of steam is' regulated. A hollow 
cone is screwed over the outlet, which enables the air to be 
sucked up while the spindle is at work, and which can be 
displaced according to requirements. • The advantage of 
this sprinkler is supposed to lie in the convenient regulation 
of the oil, steam, and air supplies ; but on the other hand it is 
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much more complicated than others, and would take some 
time to clean, although it can be taken to pieces quickly. 

Korting's pipe-sprinkler, Figs. 59-62, is distinguished from 
all the above by the circumstance that it is not the oil but 
the steam which is sent through the inner pipe and that the 
oil is supplied to the outer pipe, by which arrangement it is 
found much easier to clean out the sprinkler in the event of 
its getting stopped up. The steam reaches the outlet through 



Fig. 59. 



Fig. 60. 




Fig. 61. 



Fig. 62. 



a pipe that is narrowed considerably at its mouth. This pipe 
is secured by a socket, to the back of which an elastic chuck, 
with two pivots worked by two small levers, is fastened. On 
the axis of these levers there is another lever, which is movable 
from without by means of a drawing rod and a hand-wheel. 
When this lever is moved the socket at the mouth of the pipe 
moves also, and thus the flow of oil is regulated. The steam, 
can be turned off by a tap or valve. The oil and steam spray 
as it leaves the pipe sucks in air through the holes in the side 
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of the outflow cone, by which means combustion on the surface 
of the oil is increased. Air is also admitted from the ash flap. 
The flame is, in the case of locomotives, projected against the 
opposite upper corner of the fire-box ; in the case of marine 
engines, however, it is thrown b,ack on the fire-bricks behind. 
These sprinklers have the advantage of great simplicity of 
construction, and can be easily cleaned when the mouthpiece 
is unscrewed. A disadvantage of the slanting sprinklers for 
locomotives is that the flame is directed straight against the 
roof of the fire-box and of the tube plate wall, which subjects 
them and the ends of the tubes to an excessive strain. Further, 
should the supply of oil be inadequate, the lower half of the 
circular outlet would be filled with oil, and the steam, instead 
of vaporising it, would only break it into small sprays. 

Value of Pipe-sprinklers, — Pipe-sprinklers work more econo- 
mically than slit-sprinklers. The first require as much as 6*6 
lbs. of oil per i indicated horse-power per hour while the latter 
do not require more than from 4*4 to 5 * 5 lbs. The consump- 
tion of steam is also very much less, and does not amount to 
more than from 4 to 6 per cent, of the entire steam consump- 
tion, whereas slit sprinklers use as much as 6 and even 8 lbs. 
per cent. What has been said of the frequent stopping up of 
the outlets of the slit sprinklers applies to the pipe sprinklers, 
although in a less degree. They are, however, all furnished 
with removable mouthpieces, and are even in some cases, as 
shown at Fig. 60, provided in duplicate. The principal ad- 
vantage of the pipe sprinkler consists in the spherical flame, 
which fills up the cylindrical fire-boxes of marine boilers 
better and heats them more equably than does the stream of 
the slit sprinkler. The pipe-sprinklers therefore save the 
walls of the boiler, and render, when properly fitted, fire-bricks 
at the back of the fire-box unnecessary. 
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NOZZLE-SPRINKLERS. 



{g) Nozzle-Sprinklers, — The nozzle-sprinkler of Aydon, 
Wise, and Field,* Figs. 63-65, is one of the oldest methods of 
burning liquid fuels. This sprinkler was first used at South 



Fig. 63. 



Fig. 64. 




Fig. 65. 

Lambeth in 1866 fitted to a Cornish boiler. The oil — 
petroleum or tar oil — entered the sprinkler from a vertical 
pipe through an opening which was about 12 inches in dia- 
meter : through this opening it flowed continuously from a 

♦ 'Mechanics* Magazine,' 1867, p. 79. 
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tank above it at the rate . of about 3 * 3 gallons per hour. 
During Its fall the oil was forced into the discharge pipe by the 
stream of superheated steam escaping from the horizontal pipe, 
which supked in air through the funnel. The oil, steam, and air 
amalgamated in this pipe and arrived through a cone-shaped 
mouth over the fire-door into the fire-box. About 39 inches 
from the fire-door there was a fire-bridge of tiles against which 
the stream of oil and steam impinged in the form of a cloud of 
thin vapour ; this superheated steam having partially distri- 
buted the oil and vaporised the rest. The unconsumed 
particles of this vapour either got ignited at a coal fire or 
against the fire-bridge, which was intensely hot ; this was 
facilitated by the previous mixture with air. The supply of 
oil was regulated by» a tap in the supply pipe, that of the 
steam by a spindle, and that of the air by a cap. The fire 
was lighted by placing some red hot coals on a sheet of iron 
on the grate, and these ignited the oil. 

At the trials made by Admiral Selwyn, Figs 63 and 64, 
these coals had to be renewed every twenty-four hours ; not 
so much because they went out, but because they were gradually 
blown away. During the trials at Lambeth this sprinkler 
heated the factory boiler alone for nine hours ; and the boiler 
evaporated at a pressure of 34*6 lbs. per square inch. It was 
stated that 2*2 lbs. of oil evaporated 43 lbs. of water; but 
this result was reduced to half by subsequent official ex- 
periments. 

The nozzle-sprinkler of Aydon and Selwyn, Figs. 66-69, 
was used in the trials that were conducted by the Admiralty 
at Greenwich in 1868 with a Field's marine boiler. As a 
heavier oil tar-oil was used. Aydon, to insure a more powerful 
vaporisation, altered his apparatus so that the oil and steam 
should not meet at a right angle but at an acute angle. The 
steam spray was regulated by a tapering spindle, which was 
kept in position by a small pressure screw. The pipe in 
which the amalgamation of oil and steam and air took place 
remained the same, with the difference that an opening was 
provided underneath for the admission of air. During the 
first experiments of Selwyn two fire-bridges were placed in 

E 2 
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the fire-box and the floor was covered with fire-bricks, see Fig. 
6t, Subsequently all this brickwork was taken away and the 
fire-bridge necessary for the coal fire alone remained ; but a 
serpentine pipe was hung between the Field tubes, and through 
this the steam, being previously superheated, had to pass before 
it arrived at the sprinkler. The serpentine pipe was protected 
from the flames by a plate of tiles and a covering of the same 
materials. The fire-door was removed and replaced by a 



Fig. 66. 



Fig. 67. 




Fig. 68. 



Fig. 69. 



cross-barred slide, by means of which the admission of air was 
regulated. The trials with this sprinkler are of great interest, 
inasmuch as the boiler was alternately heated with oil and 
coal. The results of these trials showed a 7 • S-fold evapor- 
ation with coal against a io*S-fold evaporation with tar 
residual.* The Admiralty was so well pleased with this, that 
the boiler of H.M.S. Oberon was placed at Admiral Selwyn's 
disposal for further experiments. It had a heating surface of 
1707 feet, whereas the Field boiler had a heating surface of only 

* See Appendix I. 
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1063 square feet. For these experiments * Admiral Selwyn 
used a nozzle-sprinkler which he has indeed described but of 
which no drawings are published. Much as in the case of the 
pipe-sprinklers the oil was delivered through a central pipe, and 
the steam through a concentric pipe, in which the former was 
placed. With a view to making the boiler immediately available 
for coal firing, the grate was not removed, but was merely covered 
with fire-proof stones, which attained a white heat, and were 
found to be excellent non-conductors. For the same reason 
the superheating pipe for the steam from the fire, see Fig. 69* 
had to be placed in the forward smoke-box, see Fig. 64- 
During a trial lasting three hours — on November 13th, 1868 — 
2 • 2 lbs. of tar oil evaporated 33 "9 lbs. of water at a temperature 
of iooi° Fah. with a steam pressure of 40J lbs. The other 
trials did not show results quite so satisfactory. In cases of 
water of a temperature of 212° Fah. the best result attained 
was an evaporation of 37^ lbs. of water with 2 • 2 lbs. of tar 
oil, the theoretical evaporating power of which is put down at 
38*6 lbs. A perfect combustion of the oil was therefore prac- 
tically obtained. Notwithstanding this highly satisfactory 
result, and notwithstanding Admiral Selwyn's endeavours, the 
movement in favour of liquid fuel did not make any way, 
owing to an immediate rise in prices. 

The sprinklers of Aydon and Admiral Selwyn therefore 
did not come into practical use. Latterly Selwyn has again 
agitated the question of liquid fuel, especially at the Royal 
United Service Institution, but he has not published descrip- 
tions of his latest appliances. However, he claims to be able 
to evaporate 48^^ lbs. of water with 2*2 lbs. of tar oil of i '060 
specific gravity in a marine boiler of 40 indicated horse-power 
and 53 J lbs. per square inch pressure. This oil is said to 
possess a practicable evaporating power of 32*8 lbs. It 
has been attempted to mininiise the importance of Admiral 
Selwyn's work in the face of the results obtained in Russia, 
but to him belongs the merit of having used in 1867 nozzle 
sprinklers, to which we are now returning after having in vain 
endeavoured to employ other methods. 

* * Transactions ' of Institution of Naval Architects, 1869, p. 32. 
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The nozzle-sprinkler of Korting, Figs. 70-72, was 
introduced in 1876. It has been used in boilers arranged for 
coal-fires without requiring any alterations in the fire-box. It 
has only to be fastened to the side of the fire-door, previously 
making an opening through this. The non-superheated 
steam is admitted into the sprinkler by the valve A, and enters 
first into a well-shaped compartment, from which it escapes 
into the nozzle through the small orifices in the copper tube. 
This arrangement insures the liberation of the steam from the 

Fig. 70. 




Fig. 71. 



Fig. 72. 



deposited water, the volume of which might become very con- 
siderable in a small steam pipe only 15 mm. in diameter. 
The condensed water does not pass out of the orifices with 
the steam, but remains behind in the bell-shaped compart- 
ment, and is drawn off from time to time by means of the 
screw valve C, and does not, therefore, interfere with the 
sprinkler. The steam streaming through the nozzle sucks in 
air through the orifices E, mixes with it, and this mixture 
vaporises in the mouthpiece F an oil spray 6 mm. diameter. 
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which flows out of the nozzle and is regulated by a tap. The 
vapour spray and the oil spray meet at an angle of 90 deg., 
and the flame is blown slanting into the fire, much as in the 
case of the first Aydon sprinkler. The air sucked up by the 
steam jet is said to produce a better combustion by mixing 
with oil. Gulishambarov, who saw this sprinkler at work in 
Korting's factory, is of opinion that the steam jet loses power 
in consequence of this admission of air, and that the oil is 
therefore inefficiently vaporised, which means that the 
perfect combustion aimed at is not attained. An advantage 
of the apparatus is that its outlets are so arranged as to 
prevent stopping up. 



FfG. 73, 



Fig. 74. 




Since 1886 Korting has used the sprinkler shown in Figs. 
73 and 74, at first for tar,* and subsequently for oil. This 
sprinkler resembles very strongly the sprinkler of Aydon and 
Selwyn, Fig. 66, which was constructed in 1868. The tar 
flows out of slit-like openings A, and is vaporised by steam 
jets B B, which meet it at an acute angle. The steam jets, 
which issue from orifices of from "04 to '08 inches in dia- 
meter, are together somewhat broader than the stream of tar. 
Should the tar nozzle get stopped up, the plug C is taken 
out, the tar is turned off", and the nozzle is cleaned out with 
the needle D. Both the needle and plug are fastened to 
the sprinkler by means of a chain. The steam and tar sup- 
plies are regulated by taps. This tar-sprinkler has been 

* * Journal fiir Gasbeleuchtung,* 1886, p. 548. 
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found preferable to pipe sprinklers for gasworks, and within 
the last few months Korting has endeavoured to apply 
it to oil fires. Figs. 75 and y^ show the application of such 
an oil-sprinkler to a marine boiler. The cleaning needle has 
been omitted, probably because the less solid oil causes less 
stoppages than the tar. 



Fig. 75. 



Fig. 76. 




The nozzle-sprinkler of Dickey,* Figs. TJ and 78, 
was patented in the United States in 1878, and introduced on 
a passenger locomotive on the Long Island line, on a trial 
trip, with very satisfactory results. Dickey employed raw 
petroleum, which he kept in a tank in the tender. From this 
tank two pipes led to the fire-box, each of which conducted to 
a sprinkler, from the nozzle of which the oil issued at a very 
low pressure. At right angles with the oil nozzle is a nozzle 
for the superheated steam. This steam is superheated in a 
suspension pipe that is carried along the top of the fire-box, 
which it has to pass on its way from the boiler to the nozzle. 

♦ * Transactions,* N.E. Coast Inst, &c., November, 1886, p. 51. 
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The openings of the oil and steam nozzles can be enlarged or 
reduced by means of a sprinkler. The steam-jet sucks up air 
from a pipe projecting underneath the fire-box, and carries it 
to the oil nozzle. The oil, steam, and air- vapour is blown 
against a number of cast iron plates, arranged like Venetian 
blinds, and through the interstices — which can be enlarged 



Fig. 77. 




or reduced at pleasure — additional air is admitted. This suc- 
tion is shut off from behind by a double-walled cast iron box, 
through the front wall of which still more air can be admitted 
through a circular wire slide. Besides being very successful 
in the introduction of air, this arrangement, which is placed on 
a coal-grate, keeps the fire-box full, and heats it equably. 
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At the trials the combustion was perfect, for no smoke 
escaped through the funnel. The velocity of the train is 
said to have been very regular, and much greater than in the 
case of coal. No particulars of evaporation are recorded ; 
but it is stated that the proportionate price of oil and coal 
was as i'2 : 2*o, and therefore very favourable to the oil. 
Notwithstanding all this, however, and the fact that the 



Fig. 79. 



Fig. 80. 




Fig. 81. 



Fig. 82. 



Great Western Hydro-fuel Company, which worked Dickey's 
patent, had large means at its disposal, the system was not 
generally adopted. 

The oldest nozzle-sprinkler of Urquhart * (Figs. 79-82) was 
also specially adapted for locomotive boilers. These resemble 
in some measure the marine boilers of torpedo boats, and 
are interesting in tracing the development of nozzle-sprinklers. 

* * Engineering,' i., 1877, P- 9- 



Digitized by VjOOQIC 



Nozzle-Sprinklers. 5 9 

Urquhart's system was tried in 1874 on the Griasi-Tsaritzin 
Railway, in south-eastern Russia. The residuals are stored 
in trucks in the tender, and are conducted through a tube into 
a horizontal pipe that runs along the wall of the firebox, and 
into which five other horizontal parallel pipes are driven. 
Under each of these pipes is a steam-pipe, fitted with four 
nozzles, which taps the steam at as high an elevation 
as possible, so as to keep it dry ; it is not superheated. 
An arrangement in this steam-pipe enables the steam to get 
mixed with air and to force this into the steam through the 
nozzles. These are so constructed that the steam and air 
pass through the centre ^nd blow the petroleum, which 
flows round it, in a circular spray of vapour into the 
fire. Any oil dropping over is caught in the water in the ash- 
pan, and is thus extinguished. Mr. Urquhart maintains that 
the residuals were burnt without smoke, there being a good 
development of steam and abundant air supply. During 
stoppages, however, a good deal of smoke was frequently given 
out. The great expenditure of oil which this system involves 
caused it to be speedily dropped. 

The latest nozzle-sprinklers of Urquhart* (Figs. 83-86) 
came out between 1882 and 1885. In these the oil passes 
from tanks in the tender by means of a tube and a pipe into 
the sprinkler. The non-superheated steam leaves the dome 
of the boiler and enters the sprinkler; it passes through 
orifices into the interior of a bronze spindle and escapes 
through the front of the nozzle. A spiral wheel which 
moves on a spring in a groove regulates the outlets for 
the oil residuals. To obtain the requisite air the sprinkler 
is fixed so as to protrude into a pipe-rest, and a space 
of about I inch is allowed between the flange of the 
sprinkler and the plate of the boiler. The oil and steam are 
separated inside the sprinkler by means of a box filled with 
asbestos packing, which latter has to be renewed about once 
a month. The admission of steam is regulated by a special 
valve in the pipe. Urquhart made very thorough experiments 
with these sprinklers in 1 884, and found that by using oil for 

* ' Engineering,' i., 1886, pp. 563 and 609. 
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his locomotives instead of anthracite, though there was no 
difference in the price of the fuel, a saving of 53 per cent, was 
effected. In locomotives burning anthracite and with a steam 
pressure of eight atmospheres, from 7 lbs. to j\ lbs. of water 
was evaporated by i lb. of anthracite ; whereas i lb. of oil 




residuals evaporated from ii*3S lbs. to 12*25 lbs. of water. 
Owing to these results 143 locomotives were fitted with this 
system on the Griasi-Tsaritzin Railway as early as 1885. 

Urquhart claims as a special advantage the fact that his 
apparatus is fitted outside the fire-box, but the sprinklers of 
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Korting possess this advantage as well. Sprinklers that enter 
the fire-box are exposed to the heat of the flames, which 
partially carbonises the oil, and thus stops up the orifices in 
the sprinkler. Should the Urquhart sprinkler get stopped up 
through any reason the spindle has only to be screwed back 
and the oil will force the carbonised particles into the fire-box. 
Urquhart has also protected the walls of the pipe against the 
flames, and prevented all the deteriorating effect on the boiler 



Fig. 87. 



Fig. 88. 




Fig. 89 

which their direct action entails, by lining the inside of the 
fire-box with brick, Figs. 87-89. The sprinkler is placed low 
down, and blows into a furnace chamber built into the fire-box 
and covered with a vaulted roof which slants off in the direc- 
tion of the tube plate. The brickwork does not lean against 
the wall of the fire-box, but is about 2 inches from it (Fig. 89), 
so that these walls may not be lost to the heating surface. 
The flame beats from the furnace chamber against what used 
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to be the fire-door, now bricked up, leaving only a peep-hole, 
and reaches the tubes through an opening in the roof of the 
chamber at this point. Two channels are built into the walls 
of the furnace chamber, and lead a portion of the heating gases 
to the lower surface of the tube plate, as well as into the spaces 
between the brickwork and the other walls of the fire-box, so 
as to give these an efficient heating surface. The requisite air 
is forced into the furnace by the sprinkler, and more air is ad- 
mitted by the ash-pan dampers, which are regulated by chains 
and chain wheels. The air entering at the front ash-pan 
damper passes through a channel, and is warmed before being 
admitted to the gases. Complete combustion of the oil is 
insured by fitting the fire-box with tiles, which, being non- 
conductors of heat, keep the walls of the fire-box at an equal 
temperature, and even re-light the oil-stream should a short 
interruption of work occur. This also greatly simplifies man- 
agement. 

The nozzle-sprinkler of Spakovski,* Figs. 90-93, was 
first used for marine boilers in 1870, but was much im- 
proved, and was subsequently adopted in its present exceed- 
ingly simple form, among others, by the Rostock Steamship 
and Engineering Company, and in 1879 and 1880 on board 
four steamers on the Caspian Sea. The liquid fuel, in this 
case oil residuals, flows out of the inner nozzle, which protrudes 
into the, mixing pipe about '04 inch. Fig. 90; the steam 
escapes through the circular opening surrounding this nozzle. 
Air is admitted through holes in the circumference of the 
mixing pipe ; the mixing pipe prevents excessive air expansion 
of the steam-jet and thus slightly aids the vaporisation of the 
oil ; but this is not done so efficiently in the case of the Spak- 
ovski apparatus as in that of Urquhart's latest improvement. 
The steam jet surrounding the oil only acts strongly from 
underneath ; the upper part expands without materially aiding 
the vaporisation, so that, by looking through a piece of black- 
ened glass, drops of fluid oil can be observed falling into the 
furnace, where they are burnt up in their liquid state. The 
flame has a broom-like shape, and is very long, so that it acts 

* * Gulishambarov,' p. 36. 
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most forcibly on the fire-bridge, and heats the other parts of 
the fire-box only by radiation, and even that rather unequally. 
In cases where the furnaces are very large one sprinkler is 




inadequate, and two or three have to be fitted, which causes 
complication. The supply of oil and steam is regulated by 
means of separate taps for each sprinkler. 
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Spakovski's first sprinkler was worked in 1870 on board the 
steamship Ivan, on the Caspian. This steamer has a Penn 
low-pressure engine. The boiler had two furnaces, and worked 
with a steam pressure of 17^ lbs. per square inch, and had 
previously used coal for as much as fourteen years. Each 
furnace was fitted with three sprinklers, which used 9 • 36 lbs. 
of oil per horse-power per hour, with ninety-two revolutions of 
the engine per minute and 45 indicated horse-power. In 1873 
the steamship Helma, also with a low-pressure engine, was 
fitted with Spakovski's sprinklers. The boiler worked with a 
steam pressure of 20' 8 lbs. per square inch, and had two fur- 
naces, each of which had a sprinkler. With eighty-five revolu- 
tions per minute and 21 indicated horse-power, 6*85 lbs. of 
oil residuals was requisite for i indicated horse-'power per 
hour. The oil did not flow down into the sprinkler from tanks 
above, but was sucked up from tanks in the hold by an injector, 
which caused a great waste of steam ; besides, the engines had 
only injection condensers. This will practically explain the 
enormous consumption of oil. In 1879 the steamships Pyr 
Bazaar and Atreek, which had been built at Rostock, were 
fitted with Spakovski sprinklers and tried on the Caspian. 
Each of these steamers, which had compound engines and sur- 
face condensers, was fitted with a boiler with three furnaces 
that had a steam pressure of 55^ lbs. per square inch. Each 
furnace had two sprinklers, see Fig. 93, of which four were 
for continual use and two did relief duty. During the voyage 
the engines made 125 revolutions per minute on the average, 
indicated 80-horse power, and used about 4-4 lbs. of oil 
residuals per indicated horse-power per hour. 

In 1880 the Rostock Works supplied two more twin screw 
steamers, Dagestan and Tschikischlar for the Caspian, each 
of which had two double-cylinder compound engines, with 
surface condensers and boilers, with a pressure of 62*4 lbs. 
per square inch. Each of these engines indicated on the trial 
trip from 140 to 150 horse-power and made 135 revolutions 
per minute, and used, according to report of the builders, 
2*2 lbs. of coal when that was employed, and only i'9 lb. 
of oil residual, when oil was the fuel, per indicated horse-power 
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per hour. When it is remembered that these last engines were 
nearly twice as large as the two previous ones, and that their 
oil consumption is based on the trial trips, whereas that of the 
others is calculated on the average performance during an 
entire voyage, the difference of 4*4 lbs. and i *g lbs. of oil per 
indicated horse-power per hour will be understood, and conse- 
quently this last performance of the Rostock Works must be 
regarded as exceedingly satisfactory. 

The nozzle-sprinkler of Sadler,* Figs. 94, 96, is one of the 
simplest. It consists of two small bronze nozzles, which are 
screwed on to the opposite ends of a T-shaped malleable iron 
pipe. Another T-shaped pipe is screwed into the third orifice 



Fig. 94. 



Fig. 95. 



Fig. 96. 




of the first, and the horizontal pipe of this admits the oil, while 
the perpendicular end admits the air. The steam pipe, before 
reaching the sprinkler, is conducted into the furnace, and forms 
a winding pipe here, through which the steam is passed to get 
superheated. The oil and air enter the sprinkler through the 
same orifice, and in the space between the nozzles. The fur- 
nace is lined with fire-proof brick. The oil and steam supplies 
are regulated by separate taps or valves. The sprinkler was 
tried with tar and heavy tar oils, with which a large tank was 
filled. Steam pipes passed through this tank, so as to melt 
the tar. The tar then flowed into a smaller vessel covered 



* * Transactions,* North- East Coast Inst., &c., 1886, November, p. 32. 
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with brass gauze, so that all coarse impurities that might stop 
up the sprinklers were arrested. The tar entered a pipe with 
a clear width of 2 inches, which had a steam pipe \ inch in 
diameter inside it, and flowed from thence into the sprinkler. 
On entering this the tar had the appearance of a dark and 
rather thick mineral oil. According to chemical analysis, these 
heavy tar oils possessed a theoretical steam power of 43 lbs., 
but in actual practice 2 • 2 lbs. of heavy tar oil is said to have 
evaporated 38^ lbs. of water at a temperature of 212° Fah., 
which shows a superiority of about 85 per cent, over the duty 
of ordinary coal. 
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CHAPTER VII. 

THE EXPERIMENTS OF d'aLLEST. 

The nozzle-sprinkler of d'Allest * was tried in the August 
and September of 1885 on board the s.s. AudCy the firing 
arrangements of which are shown at Figs. 97 and 98. Both the 
furnaces of the boiler were lined with fire-proof brick, which 
rests on the old coal-grate. Two sprinklers blew Baku oil into 
each of the furnaces. The experiments of dAllest are in so 
far very instructive that they were first conducted with French 
coal and then with Baku oil. During trial trips in the open 
sea, which lasted several hours, the double-cylinder compound 
engines made from 87 to 88 revolutions per minute, and indi- 
cated about 1 70 horse-power. The coal consumption amounted 
to 3 • 6 lbs. per indicated horse-power per hour, and the oil con- 
sumption was only 1*62 lbs. for the same duty. According 
to calculations made, 2*2 lbs. of coal evaporated 15! lbs. of 
water and 2 • 2 lbs. of oil, as much as 27^ lbs. The sprinkler 
consumed an abnormally large quantity of steam ; as much 
as from 8* to 10 per cent, of the entire steam consumption, 
which proves that this first sprinkler was very imperfect 
DAllest then tried to vaporise the oil by means of compressed 
air instead of steam, to avoid the enormous loss of the latter. 
But the first experiments of this kind, in which the compressed 
air was generated by means of a Root blower, were unsuc- 
cessful, because the attainable density of the air was inadequate. 
In the spring of 1 886 experiments with compressed air were 
made at the works of the Compagnie Fraissinet, in Marseilles. 

* * Le Genie Civil,' Nov. 1885, Nos. i, 2. 
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The air was pressed by an air-pump, Figs. 99 and 100, into 
a cylindrical tank, and was conducted from thence to the 







sprinklers, where it must have retained a pressure of at least 
18 to 20*8 lbs. per square inch. The oil flowed from a tank 
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into the sprinklers of the boilen The results of these experi- 
ments showed that the combustion of oil is much more perfect 
when it is vaporised by compressed air than when vaporised 
by steam, as indeed is proved by the increased whiteness of 
the flame. When the compressed air is previously warmed, 
I ; I lb. of water for 2 • 2 lbs. of oil can be evaporated more 
than when this has not been done. In vaporising with cold 

Fig. 99. 




Fig. 100. 

air the walls of the furnace must be lined with fire-proof brick, 
otherwise the flame is nearly extinguished. The weight of 
air necessary to work the sprinkler amounted to about 5 per 
cent, of the steam generated. 

D' Allest has also conducted experiments to discover whether 
oil fuel could be used in cases where an artificial draught was 
raised, and when it is especially necessary, as with the boilers 
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of torpedo boats, to generate as great a weight of steam as 
possible per square foot of heating surface in the hour. For 
this purpose the arrangements shown in Figs. loi and 102 
were made. A clay receiver was placed in the furnace and 
two sprinklers were fitted in front of it The vaporisation 
could be effected either by steam or compressed air of 20 '8 
lbs. per square inch pressure. The artificial draught was 



Fig. ioi. 



Fig. 102. 




produced by a bellows in a heater in the throttle in the chim- 
ney, and was then conducted into a box which encased the 
two sprinklers. D'AUest affirms that these experiments were 
satisfactory, and that he has used the above arrangement for 
actual work with success. He maintains that they prove that 
liquid fuel can be burnt up with artificial mixed draught, and 
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that the waste of water caused by steam sprinklers can be 
avoided by substituting air. This last fact was indeed clearly 
proved in 1 883 by the experiments of the " Forges et Chan- 
tiers " in Marseille^ with Jensen's sprinkler. 

D'Allest subsequently published the results of his experi- 
ments,* and the deductions he draws, especially with refer- 
ence to the application of liquid fuel to torpedo boats, are of 
the greatest interest These experiments were conducted by 
order of the French Admiralty with Baku oil on board the 
torpedo boat La Chevrette, The best system of furnace for 
torpedo boats is the one that will produce the maximum of 
steam and require the minimum weight of boilers so long as a 
fairly adequate speed is attained. As these conditions are 
complied with most completely in cases where the boiler works 
with forced draught, it was necessary to find out whether the 
same method could be used with oil fuel, and whether the 
same increase in duty would result, as in the case of coal. 

It has been shown that Wagenknecht endeavoured to im 
prove the combustion of his drop-fires by introducing com- 
pressed air. D'Allest tried to improve on this by using the com- 
pressed air for purposes of vaporisation as well as draught. But 
all attempts in this direction failed. The sprinkler used for 
this purpose is shown at Fig. 103. The air for vaporisation 
enters at A, and passes partly through the inner tube D and 
partly through the outer tube B to the mouth of the burner, 
which receives the oil through E F. The oil leaves the 
sprinkler at the small orifices abed, where it gets mixed with 
the air, the very low pressure of which only produces incom- 
plete vaporisation and combustion. During subsequent ex- 
periments no compressed air was applied, and the sprinkler 
represented at Fig. 104 was used. The oil, which enters at B, 
passes into the bronze nozzle A, the orifice of which ni..y be 
closed by the conical pointed spindle C. By means of the 
hand wheel K, C can be so controlled that it can either 
entirely close the nozzle A or leave a circular space for the 
escape of the oil, which can be made, according to the force of 

* * Le G^nie Civil,' Nos. 21-24 ; 24th September to 15th October, 1887. 
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the fire, as wide as 2 mm. The steam for vaporising passes 
through the tube F, and circulates round the nozzle A, warms 
its contents and then escapes between A and the capping D. 
Any possible stopping up is avoided by screwing back C as 
far as possible. The force of the escaping stream of oil carries, 
as in the case of Urquhart*s sprinkler, any impurities or un- 

FiG. 103. 




consumed particles with it. Should the sprinkler require a 
thorough cleaning, the hand-screw H is turned half a turn, and 
the stuffing-box G, with the spindle C, can then be removed 
from the nozzle A. To prevent any cessation of work, two 
sprinklers are fitted to each furnace, as is indeed the case in 
most recent applications of liquid fuel. With each of these 
sprinklers an hourly combustion of from 10 to 20 kilogs. of 
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oil could be obtained, and as each kilog. of oil evaporated 
13 kilogs. of water, a maximum evaporation of 2x80x13 = 
2680 kilogs. of water per hour could be attained. With a 
heating surface of 69 square metres as was the case with the 
boiler used at the trials, which was an oval boiler, such as was 
shown in Figs. loi and 102, for the consumption of Caucasus 
oil residuals — this gives an hourly vaporisation of 30 kilogs. 
of water per square metre of heating surface, such as is usually 
required for good marine boilers. As in marine boilers a 
heating surface of 59 square mm. on the average has to be 



Fig. 104. 




^^Jf^ 



sacrificed to each fire, it follows that two sprinklers of the 
above size would suffice under ordinary circumstances to 
keep up a furnace. 

The case is different with torpedo-boat boilers when at least 
50 kilogs. of water have to be evaporated hourly per square 
metre of heating surface. The sprinklers were not equal to this 
task ; for when the diameter of the nozzle A was increased the 
steam jet was inadequate to the vaporisation of the oil, and 
incomplete combustion was the result. D'Allest was therefore 
obliged to alter his sprinklers, and introduced an air current 
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produced by steam into the centre of his oil-spray, with a view 
to attaining a more powerful vaporisation. This improved 
sprinkler is shown at Fig. 105. The oil coming from B passes 
as before into the nozzle A, and the steam required for 
vaporisation, or compressed air used for this purpose, passes 
through F, not only into the capping D, but through the 

Fig. 105. 




orifices O and the hollow spindle C into the circular opening 
M. In other respects the sprinklers remained unaltered, as 
the results attained with them were stated to have been highly 
satisfactory, and as much as 882 lbs. of oil were said to 
have been burnt per hour without any smoke being given off. 
At the trials with these sprinklers the boiler shown at 
Figs. loi and 102 was arranged as represented in Fig. 106. 
During the first trials with natural draught the furnace, which 
was fitted with a lining of tiles and a fire-bridge, was closed 
by a cast iron plate which received the sprinklers at the top 
and was furnished with the door A at bottom for the supply 
of air. At the subsequent trials the sprinklers were fitted to a 
cast iron receptacle B, in which the pressure pipe of the fan C 
terminated, from whence the compressed air requisite for the 
increased combustion was brought. The expansion of the 
compressed air was indicated by two manometers, one of which 
was fitted at the air supply, while the other was in communi- 
cation with the inside of the fire-tubes. During the trials with 
natural draught as well as during those with induced currents. 
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the oil supply was kept up to the point at which smokeless 
combustion would be maintained. The vaporisation was 
effected by steam in each case. 



Fig. io6. 




To show the superiority of oil fuel over coal d'Allest has 
compared the results of his trials with the results of those 
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conducted by Guillaume for the French Admiralty * and of 
similar trials conducted by the English Admiralty with a 
Thomeycroft torpedo-boat,t in both of which cases coal 
was used and forced draught employed. The following are 
the results obtained : — At his first trials with natural draught 
d' AUest succeeded in evaporating 26 lbs. of storage water, or 
39 lbs. of water at 212° Fah. with 2*2 lbs. of oil. In his sub- 
sequent trials with forced draught he evaporated 25 lbs. of 
storage water, or 29* i lbs. of water at 212° Fah. with 2*2 lbs. 
of oil. In contrast to this Guillaume could not evaporate 
more than \j\ lbs. of storage water or 21-3 lbs. of water at 
100° with 2*2 lbs. of briquettes ; and Thorney croft evaporated 
only 13 '9 lbs. of storage water, or 16*4 lbs. of water at 212° 
Fah., with 2 • 2 lbs. of coal. With coal fires and forced draught 
Guillaume evaporated at most 138 lbs. of water per square 
yard, and Thomeycroft 224J lbs., whereas d'AUest, under 
similar circumstances, could evaporate with oil fuel as much 
as 209 J lbs. of water. This result might have been exceeded 
if the boiler, which was working at a pressure of three atmos- 
pheres, had not commenced to prime to such an extent that 
the fires had to be kept low. 

In summing up the advantages in favour of oil fuel, d' AUest 
points out that i kilog. of mineral oil residuals of the normal 
chemical constituents requires 10 • 8 cubic metres of air in order 
to a theoretically complete combustion ; whereas i kilog. of 
average coal requires theoretically only 8 cubic metres of air 
This theoretical quantity of air he increases, in accordance 
with P^clet's calculation by 33 per cent. In the case of spray 
fires it is probable that the theoretical quantity of air would 
suffice, owing to the internal mixing of the oil particles with 
the air. Should this not be the case, the same proportion 
would have to be added there as well. Thus i kilog. of coal 
requires 8 x i ' 33= iO'64 cubic metres of air, and i kilog. of oil 
requires io*8 X i '33= 14*36 'cubic metres of air. The boiler 
using coal evaporated 8 kilogs. of water with i kilog. of coal, and 



* Bienayme, * Les Machines Marines.' Paris, 1887 ; p. 470. 
t 'Engineering,' 1880, vol. ii., p. 244. 
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I kilog. of water with 1 = i • 33 cubic metres of air. The 

8 
boilerfiredwith oil showed a thirteenfold evaporation with an air 

supply of -^-±— = I • 104 cubic metres. Consequently every 
cubic metre of air that passed through the boiler evaporated, in 

the case of coal fires, = 0'7S kilogs., and in the case of oil 

1*33 

fires 3 =r o* 190 kilogs., which gives oil an advantage of 20 

per cent. From this it follows that a boiler fitted for oil fuel may 
be 20 per cent, smaller than one fitted up for coal fuel, and yet 
evaporate the same quantity of water in the same period of 
time and with the same force of air current. As a matter of 
fact, however, this proportionate advantage on the part of 
boilers burning oil could be greatly increased, as the com- 
parisons with the trials of Thorneycroft and Guillaume show 
an advantage of duty on the side of oil-consuming boilers 
under similar conditions, which surpasses coal-burning boilers 
by more than 30 per cent. 

Finally d'Allest shows that the wear and tear is much 
greater in the case of coal, than in that of oil fuel, and that the 
fire-tubes in cases of forced draught are completely stopped up 
when coal is the fuel after a few hours' work. In the case 
of sprinklers this is avoided 
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CHAPTER VIII. 

METHODS OF WORKING SPRINKLERS. 

The various methods of working sprinklers prescribed by 
their respective inventors offer but few points of difference, so 
that they can be comprehensively described under the following 
headings : — {a) Raising steam ; {b) overcoming obstacles ; {c) 
letting down steam ; {d) prevention of corrosion of boilers. 

{a) Raising steam is best accomplished by means of an 
auxiliary boiler, which may be used in harbour for heating, 
cooking, and ventilating purposes. The steam supply pipe of 
the sprinkler is put into communication with the auxiliary 
boiler by means of a branch pipe, as shown at Fig. 93 in a 
previous chapter, and the steam of the latter is used for heating, 
until the steam of the main boiler has attained the pressure 
necessary for vaporisation, viz. 20 • 8 lbs. per square inch pres- 
sure. When the sprinkler is worked by compressed air instead 
of steam an air reservoir is fitted next the air-pump when 
space and other considerations permit The contents of this 
air chamber are brought up to the highest possible pressure 
before working is commenced ; it is then used for vaporisation 
as soon as the firing begins, as in the case of BuUard's and 
d'AUesfs sprinklers. In cases where neither an auxiliary 
boiler nor an air chamber can be used, stoking had best be 
commenced with a wood fire ; but in this case care must be 
taken that the fire-bars — or grates — remain in the boiler. 
Most of the sprinklers begin to do duty at an expansion of 
2^ to 4 lbs. per square inch pressure, so that the sprinklers 
can be put into action the moment this is reached. Of course 
vaporisation is at first rather incomplete, and considerable 
smoke is given off, but this gets reduced gradually as the steam 
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pressure increases. In cases where there is only an air-pump, 
wood fires must be used until the engine has been set going, 
but this can be arranged to take place at a steam pressure of 
7 lbs. per square inch. To reduce the wood fire to its smallest 
possible limit in cases where no auxiliary boilers are extant, 
Tarbutt, * who uses either steam or hot compressed air, has 
devised the following contrivance. The nozzle-sprinkler allows 
the oil to leave the inner nozzle. Around the oil stream steam 
or compressed air, as the case may be, is blown ; in the latter 
case the sprinkler is connected with an air-pump. The steam 
or air pipe is conducted along the tiled floor of the furnace, 
which it covers in a sort of zig-zag, and runs from thence to 
the sprinkler. To set the latter into action a special hand 
pump with a carefully closed chamber is fitted up ; this com- 
municates with the zig-zag pipe on the floor of the furnace by 
means of a regulating valve. In lighting the fires a few hand- 
fuls of wood dipped in oil are placed on this pipe ; this then 
lights up. The chamber is filled with water. When the zig- 
zag pipe has been sufficiently warmed by the wood fire the 
regulating valve is turned on slightly, and a little of the watef 
drops into the pipe, and is at once evaporated. As the steam 
cannot return to the chamber, which is kept under pressure, it 
has to escape through the sprinkler. The oil is now also ad- 
mitted to the sprinkler, and is here vaporised by the steam and 
ignited by the wood fire. This burning oil now warms the 
zig-zag pipe, and if the chamber is kept under uniform pressure 
by the pump, the steam generated in the pipe can be used for 
vaporisation until the steam in the boiler, or in the air-pump 
which is worked by it, can be used. Getting up steam with 
this contrivance takes about three-quarters of an hour to an 
hour and a half according to the size of the boiler. When the 
steam is up, the zig-zag pipe is covered with thin fire-proof 
plates to protect it against fire, and the hand pump and 
chamber are disconnected. Generally when wood has to be 
used, it takes quite as long to get up steam with liquid fuel as 
with coal, which is indeed no disadvantage, for the boilers are 
spared by being slowly heated. But in cases where auxiliary 

♦ * The Marine Engineer,' January, 1887, p. 325. 
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boilers or air chambers can be applied, steam can be generated 
much more quickly ; but this is only of importance to men-of- 
war, and to them only under particular circumstances. In 
lighting sprinklers it is of importance to remember that the 
steam jet should be sent through first before the oil is turned 
on. The same rule should be observed in turning off steam 
— the oil should be shut off first, and then the steam jet. If 
this rule be not rigidly observed, explosions in the furnaces 
might easily occur, which, although they might not seriously 
injure the boiler, might nevertheless do considerable damage. If 
the oil drips against the side plates of the furnace, and if these 
should be less hot than the oil, this evaporates and the hydro- 
carbon gas that results, from contact with the air which forces 
its way into the furnace, forms an explosive mixture, which 
ignites the moment it comes in contact with the flame of the 
sprinklers. If a handful of engine waste is dipped in oil and 
placed in the furnace and lighted, and if the sprinklers are put 
in action according to the rule given above, the lighting of oil 
fires will be found to be attended with as little danger as that 
of coal fires. The moment the requisite steam pressure has 
been reached, the further management of the engine is as 
simple as possible. Should much steam be wanted, the oil, 
steam, and air valves of the sprinkler are opened full way, and 
should only a small quantity of steam be required, these valves 
can be nearly turned off. The service of marine engines is 
thus rendered very much easier. 

(Ji) Overcoming Obstacles. — Besides suffering from fitfulness 
in their flame, as is the case with slit-sprinklers, and which is 
generally traceable to the impurities in the oil, all spray fires 
are liable to have their sprinklers stopped, and to be extin- 
guished by the steam. In the case of slit and pipe sprinklers, 
this stopping up, which is caused by impurities in the oil, or 
carbonisation owing to imperfect combustion, is remedied by 
means of blowing or cleaning. As has already been stated, it 
is usual to fit two sprinklers to each furnace, so as to prevent 
interruption of work, and the second is then set going before 
the first is cleaned. Nozzle-sprinklers get much less fre- 
quently stopped up, and can be more easily cleaned, as, for 
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instance, in the case of the more recent Urquhart sprinklers — 
Fig. 84. In cases where only one sprinkler is fitted to the 
furnace, tiles have been found very useful. These tiles retain 
heat for a long period and keep almost incandescent whilst the 
sprinkler is being rapidly cleaned out Consequently there is 
no perceptible diminution of steam, and, when the sprinkler is 
returned to the furnace, no burning foreign body need 
be introduced, for the oil is relit by the heat radiated from the 
tiles. The flame is sometimes extinguished by steam when 
the vaporisation is carried out with steam that is too damp, 
which reduces the combustion. The water from the steam 
pipe should therefore be frequently withdrawn. It is also 
desirable to superheat the steam, for this will insure the oil 
being warmed in the sprinkler without causing condensation of 
steam. Besides, superheated steam expands to such an extent 
that much less weight of steam is required for vaporisation. 
Of course superheating steam means using up heat, but if the 
steam pipes are laid along the floor of the furnace, as Tarbutt 
places them, instead of along the roof, as is done by Dickey 
and Selwyn, the extra expenditure of heat will be found to be 
inappreciable, for the heat generated here is practically but 
little utilised in ordinary circumstances. Some, however, 
maintain that highly superheated steam decomposes in the 
very high temperature of spray fires, as in the case of water- 
gas furnaces, into oxygen and hydrogen, and that while the 
liberated oxygen increases the efficient combustion of the oil 
the high temperature of combustion of the hydrogen is said to 
increase the difference of the temperature between the gas fuel 
and the boiler plates, and consequently increases the efficiency 
of the gas fuel. Selwyn,* who takes a similar view, believes 
that by such combustion ioi'4 lbs. of water could be evap- 
orated with 22 lbs. of oil; and H en wood t asserts that he has 
by these means succeeded in obtaining an evaporationof 41 '2 
times with his spray fire in an ordinary marine boiler working 
at a pressure of 62*4 lbs. per square inch. According to 

* * Journal ' of the Royal United Service Institution, 1885-86, p. 692. 
t * The Marine Engineer,' April, 1886, p. 24. 

G 
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previous practical experiments, it would appear, however, 
that such a decomposition of the steam in spray fires cannot 
be attained, even when it is very highly superheated, and 
Tarbutt * states that he has found in his experiments that 
the results were better in proportion as the sprinklers used 
little steam. Indeed an extinction or even dulling of the flame 
can be entirely avoided by using only compressed air instead 
of steam for vaporising, and the combustion is most perfect 
when the compressed air is previously warmed. Besides, the 
experiments with Jensen's sprinklers go to show that com- 
pressed air has the additional disadvantage of working the 
sprinklers with very much noise. This noise was so great 
in the case of the Spakovski sprinklers, for instance, that the 
sound of the marine engine was completely drowned by them, 
which of course is a great defect. A correspondent from Baku 
states that all the sprinklers he has seen there work with con- 
siderable noise. But d'Allest f on the contrary, tries to prove 
that in his last experiments vaporisation by steam with induced 
current was carried on with less noise than in the case of com- 
pressed air. This noise is said to resemble that made by a 
large ventilating fan, and may probably be caused by a con- 
tinual succession of extinction and re-ignition of the flame, 
much as in the case of Higgins's chemical or gas harmonium.l 
d'Allest believes that this noise can be avoided by using for 
vaporisation fuel gases given off* instead of compressed air. 
For this purpose the gases would be first cooled before they 
were sent into the air-pump, so that such'an application would 
present no difficulties. Sudden breaking off^or extinction of the 
flame through too strong a current or steam jet only occurs in 
the case of slit-sprinklers, and more rarely in that of pipe- 
sprinklers. In the case of nozzle-sprinklers, according to the 
experiments of d'Allest, it can only occur, when cold air has 
been used for vaporisation and the fire-plates have not been 
sufficiently warmed. Consequently the latest improvements 

♦ * The Marine Engineer,' January, 1887, p. 326. 
t * Le Genie Civil,' 1887, vol. xi. p. 421. 

I L. Pfaundler Muller Pouillet's ' Lerbuch der Physik ' (* Text-book of 
Physics '), 8th edition, 1887, vol* i., p. 439. 
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in sprinklers enable us to overcome almost entirely the old 
tiresome obstaclfes to working with spray fires, 

(r) Letting steam down is effected by closing the oil-tap 
and the steam-cock of the sprinkler. As in the case of 
coal fires, it then becomes important to close all apertures 
leading to the fire-box, so as to prevent the entrance of cold 
air, ahd to assure the gradual cooling of the boiler. When 
compressed air is employed the compressor must also be 
stopped. The steam of the marine boiler is sufficient to set 
working the sprinkler of the auxiliary boiler on arrival in 
harbour. In lying under steam the sprinklers of the different 
fires are set going alternately with a short weak flame, so that 
in each boiler only one low flame is burning, which distributes 
very little heat, and the position even of this is continually 
changed to -avoid too partial a heating of the boiler. The 
very small quantity of fuel requisite when lying under steam 
is considered a special advantage of oil furnaces. 

{d) The Prevention of Deposit. — The enemies of liquid fuel 
are continually urging the danger of burning boilers arising 
from the rapid consumption of. fresh water from steam jets, 
and the consequent introduction of salt sea water into the 
boiler. But the following example will show how far this is 
to be feared in the case of an ordinary freight steamer with a 
compound engine of 5 atmospheres boiler pressure, and doing 
an average duty of 500 indicated horse-power. The engine 
uses for i horse-power per hour 20 lbs. of water ; this means 
500 X 20 = 10,000 lbs. of water per hour. The boilers 
are fitted with the latest and best sprinklers which require 
3 per cent, of the entire steam consumption to work them ; in 
other words, per hour 10,000 X o * 03 = 300 lbs., of steam, which 
must be replenished by sea water containing 3 • 5 per cent, of 
salt. Therefore there is hourly added to the boiler 300 x 
0-035 = 10*5 lbs. of salt, which give the boiler water, of which 
there are 10,0004-300 = 10,300 lbs., an addition of salt that is 
equal to about o • i per cent. As, however, the fresh water in 
the surface condenser has, owing to unavoidable losses, to be 
replenished by about 5 per cent, of sea water, the boiler water 
generally has about 0*2 per cent, of salt on the high seas, and 

G 2 
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this will sometimes increase to as much as o* 5 per cent. ; con- 
sequently the addition of o* i per cent, owing to the consump- 
tion of the sprinkler, does not really make any appreciable 
difference. If the boiler has 9 per cent, of salt, 269 gallons 
of water are needed hourly, or, speaking roughly, only about 
30 lbs. of water need be blown out of the boiler to make the 
salt quite harmless. It has been calculated that this blown-off 
water would not involve a waste of more than about 0*4 lbs. 
of oil per hour, which means less than one hundredweight 
of uselessly burnt oil in ten days. This goes to prove 
that the waste caused by the substitution of sea water 
for the fresh water used in steam for the sprinkler is of no 
importance, and this is confirmed by the fact that the 
200 steamers on the Caspian which use liquid fuel do not 
complain on this score. Nevertheless, in the case of steam 
pressure of from 10 to 12 atmospheres, and above that, 
vaporisation by steam cannot be allowed, as the ad- 
mission of salt water into the boiler should then be rigidly 
avoided. 

Experience with boilers fitted with the latest triple ex- 
pansion engines shows that in cases of a steam temperature 
of 356° Fah., and beyond that even, small precipitation may 
cause blisters in the crowns of the fire-boxes and smoke 
chambers. In such cases, therefore, the vaporisation must be 
carried out by compressed air, and the question arises whether 
the fitting of compressors and the other appliances requisite 
for liquid fuel would not seriously add to the weight of the 
vessel. If we retain the example given above of the 500 
indicated horse-power engine, and suppose her to use, as a 
triple expansion engine, only i • 5 lbs. of coal per i indicated 
horse-power per hour, about 90 tons of coal would be requisite 
for a voyage of ten days. This would take up a bunker 
space of 4000 cubic feet The same engine, when served with 
the residuals of mineral oil, would require for the same period 
52 tons of oil, while the combustible value of oil in com- 
parison with coal is 7 : 4. The 52 tons of oil having a specific 
gravity of 0*9, would take up a space of about 2000 cubic feet. 
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A saving in weight of 38 tons, and a saving in space of 2000 
cubic feet, is therefore effected by using oil. An engine re- 
quiring I • s lb. of coal per i indicated horse-power per hour 
needs, according to the formula, i • 5 : ;ir = 7 : 4, roundly- 
only I lb. of oil for the same duty. To vaporise 2 lbs. 
of oil, 35 cubic feet of air is all that is wanted at the outside, 
or 3 lbs. with an atmospheric pressure of 1*3 to I'S, for 
d'Allest did not want more than 17*6 cubic feet at 0*75 
atmospheric pressure ; in any case for one hour i x 500 
X I ' 3 = 650 lbs., of compressed air is wanted. To generate 
this volume of compressed air a compressor, with a steam 
engine of about 20 indicated horse-power, which would not 
weigh more than 2000 lbs. at most, is needed. The boiler 
must also be increased to correspond with this increase in the 
engine power. A boiler filled with water, and of the usual 
cylindrical form, with return flues, should weigh fr<3m 175 to 
250 lbs. per I indicated horse-power. In the case of torpedo 
boats, however, the weight is reduced to from 33 to 44 lbs. 
Consequently, there is an increase of weight in the boiler of 
about 5000 lbs. To this must be added the weight of the 
sprinklers, with their service of pipes and tanks, about 
1 500 lbs. Further, the weight of the steam pump which has 
to pump the oil out of the bunkers into these tanks, with its 
pipes, is about 1000 lbs. The weight of the tiled lining of 
the furnaces will scarcely amount to as much as that of the 
fire-bars which it supersedes. The same may be said of the 
arrangements in the bunkers for the storage of the oil, such 
as manhole covers, ventilating pipes, pumps and supply pipes, 
which supersede the slides for the removal of coals, coal-hole 
covers, gratings, &c. Next comes, the weight of the filling 
trucks of the bunkers and of the partition plates in the 
heating space ; this can be put down at 7500 lbs. For 
lighting, one of Tarbutt's apparatus must be added; this 
consists of a hand pump, pressure tank, and of a service of 
pipes, weighing altogether, in round figures, 1000 lbs. The 
wood necessary for lighting would be less in quantity than 
that required for coal fires, but this is not worthy of con- 
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sideration. There is, therefore, an addition in weight of the 

following : — 

lbs. 

Air compressor, with engine of 20 indicated horse-power 2000 

Increase of weight of boiler 5000 

Sprinkler, with pipe-sinker and tank 1500 

Oil pump 1000 

Alteration of bunkers .. 7500 

Stan(f pump and pressure tank 1000 

Total 18.000 

If we estimate the space that would be taken up by the 
air, oil, and hand pumps, as well as by the double partition 
plates, at 25 cubic feet, which is very high, we should find that 
we should have 30 tons of weight to spare, or gained about 
170 cubic feet of cargo space. Of course, we have not taken 
into account the reduction of weight in the boiler which liquid 
fuel, owing to increase of efficiency, admits. If we assume 
that the boiler can only show a duty of 10 indicated horse- 
power on I ton of weight, it would have to weigh 50 tons if 
coal were used. By the use of oil its efficiency is raised 20 
per cent., and consequently it need not weigh more than 
40 tons, by which indeed the extra weight shown above 
is completely compensated for. That oil vaporisation by 
compressed air can be introduced on board torpedo boats 
without increasing their displacement or lowering their 
efficiency was proved in 1883 at Marseilles with the Jensen 
sprinkler.* But that the same displacement may attain a 
greater velocity owing to the increased efficiency of the boiler 
was not at first admitted until d'Allest made his latest 
experiments. 

♦ *Morskoi Sbomik,' 1. 884, No.i. 
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CHAPTER IX. 

STORAGE ON BOARD SHIP. 

The best directions for the storage of liquid fuel on board 
ship will be found in the regulations issued by the Russian 
Government* for heating the steamers of the Caspian Sea 
with mineral oil residuals. Suggestions may also be gathered 
from published descriptions of arrangements that are now 
made on board ship for this purpose, petroleum being no 
longer stored in casks, but carried across the ocean in specially 
built vessels. 

In treating this subject we must take into consideration 
(a) the factors that must be kept in view in the construction 
of oil bunkers ; {d) the construction and arrangement of the 
bunkers ; (c) precautions against explosions, 

(a) The Factors to be kept in view in the Construction of Oil 
Bunkers, — Whereas oil has hitherto been stored on board ship 
in separate receptacles, the weight of which was very consider- 
able, it has been proved that in the case of modern tank 
ships petroleum can be stored in bunkers as easily as coal if 
the following factors be kept in view: — (i) The expansion of 
the oil with every rise of temperature ; (2) leakage through 
the seams ; (3) the separation of the water which is always 
present in the oil ; (4) the effect on the stability of the vessel 
produced by the gradual emptying of the bunkers ; (5) the 
carrying off of the gases given off by the oil ; (6) keeping the 
oil away from heating surfaces ; and (7) warming the oil in 
times of severe frost. 

* * Gulishambarov,' p. 135. 
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(i) The expansion of the oil by every rise of temperature 
which may be occasioned by the radiant heat of boiler fires 
as well as by the tropical heat of the bunkers themselves, is 
very considerable. The coefficient of expansion of the 
different oils varies, according to experiments made by St. 
Claire-Deville, from 0*0007 to 0*0009, so that a rise of tem- 
perature of 71 '6 FaL or 73 '4 C. suffices to create an increase 
in the volume of oil of from i • 5 to 2 per cent. If the 
bunkers then should be fully charged at the commencement 
of the voyage, they must be fitted with such appliances as 
will enable them to be enlarged or reduced according to the 
rise or fall of the temperature. 

(2) Leakages occur through the peculiar tendency of the 
oil to ooze through seams and joints that are perfectly water- 
tight This peculiarity, however, is less marked in the case of 
thick or coarse oils, and is consequently not so great in 
residuals as in the oil itself. In the case of the latter, the 
loss in cargoes sent in barrels is estimated at 2 per cent. In 
bunkers, where, in proportion to the volume of oil, a much 
smaller length of seam is requisite, this loss, especially when 
the caulking has been carefully carried out, is very much less. 
We may, therefore, assume that the leakages of liquid 
fuel in bunkers do not attain greater proportions than about 
I per cent, of its entire weight. 

(3) The separation of the water from the oil during its 
storage in the bunkers is absolutely indispensable, to ensure 
the avoidance of interruptions in working, such as the 
extinction of the gas flame, as well as to prevent any loss 
of heat. This water gets mixed with the oil either from 
atmospheric depressions during carriage on the railway, or 
else through its admission by accident on board lighters, &c. 

(4) The effect on the stability of a vessel, especially in the 
case of well-fitted cross bunkers, may be very dangerous. If 
a certain depletion of the bunker be taken for granted, it will 
be seen that the rolling of the ship must cause the displace- 
ment of the oil. 

(5) It is absolutely necessary to carry off the gases 
generated in the oil by heating and agitation, which spread 
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themselves along its surface, otherwise there is a considerable 
danger of fire or explosion. 

(6) It is, for the same reason, of equal importance to 
prevent any oil that may have oozed through the sides of the 
bunkers fropi getting near the furnaces or the heating surfaces. 
But, apart from this, the smell of the constantly dribbling oil 
evaporating near the fire-boxes would very quickly become 
unbearable for engineers and stokers. 

(7) In cases of severe frost or in voyages in high latitudes 
it is imperative to keep the oil warm, so as to maintain it at a 
sufficient state of thinness, otherwise its density would become 
too great for practical use, and for this reason the oil should 
always be kept at a temperature of 53° Fah. By this means 
water, as well as all other foreign substances, are easily 
separated from the oil. 

{U) The Construction and A rrangement of the Bunkers, — The 
above considerations, as well as the regulations of the Russian 
Government already referred to, enable us to make the 
following rules for the construction of oil bunkers. 

(i) Wood must not be used for the walls, floors, or covers 
of the bunkers, as it is too combustible a material. 

(2) New vessels that have to be fitted at once with oil 
bunkers must have double partition walls fitted to all those 
parts bordering the engine and boiler space. It would be 
advisable to keep the spaces between these partitions filled 
with water, or, at any rate, to have a collecting tank at their 
deepest point, so that any oil which may ooze out of the bunkers 
and find its way there may thus be collected and pumped out 
at intervals, ^ny gases that might form in these spaces 
when they are not filled with water should be cleared out 
by a steam ejector. No sluice valves or other openings 
should be fitted to these partition walls. In fact, every 
precaution should be taken to prevent the oil from getting 
into the boiler and engine space. 

(3) The shell and the double bottom can, in the case of 
new ships, be turned into the immediate boundaries of the oil 
bunkers when they are well riveted at these places like 
boilers, and after they have been subjected to a cold water 
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test of a pressure double what they will later be exposed to. 
This, according to Swann, is the method adopted by Messrs. 
Armstrong* for their ships. As an example of a riveting for 
an oil ship, by Messrs. Gray and Co.,t of West Hartlepool, the 
following data will be useful : — The inner double bottom, which 
forms the lower boundary of the oil bunker, had tin-plates that 
were • 6 inches thick, the rivets were ' 63 inches in diameter, and 
stood 2\\n, apart. The shell tin-plates were '63 to '69 inches 
thick, and the rivets were • 87 inches in diameter, and were in the 
longitudinal rivetings 2\ to 2| inches, and in the cross-rivetings 
2| to 3 inches apart. Where rivets of |-inches were used they 
were 2 to 2\ inches apart. The rivets between the knees and 
skin were 6 to 6\ inches apart. The overlappings in the cross 
partitions were riveted with rivets '63 inches thick with a 
distance from each other of 2\ inches. Such close riveting, 
combined with good fitting together of the rivet holes — which 
were probably punched on the spot — careful riveting, and 
stopping up of any interstices, are a gusirantee of oil tightness. 

(4) The decks, insomuch as they are the boundaries of the 
bunkers, must be of sheet iron, and must be riveted as 
securely as the skin and the bottom. We recommend, should 
the deck be planked, to place a layer of felt or cement on the 
iron, and to coat the planks underneath and along the sides 
with lime or varnish, so as to prevent, if possible, their being 
saturated with oil. It is, however, safer to omit planking the 
deck. In the place of the ordinary coalholes, manholes should 
be cut in the bunker-decks. 

(5) The old coal bunkers, although they may be watertight, 
cannot be used without alterations for oil bunkers. They 
must be fitted all round with a carefully-riveted double wall ; 
in other words, carefully-constructed tanks have to be built 
into them for the reception of the oil. 

(6) All bunkers must be fitted with self-acting filling 
appliances, so that they may be kept full until their contents 
are wanted for fuel. As we have already stated, a certain 
contraction of the oil takes place on lowering of temperature ; 

* •Engineering,' 1886, ii., p. 114. 
t * Engineering,' 1886, ii., p. in. 
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besides this, a certain quantity of oil keeps oozing through 
the shell into the water, although the water cannot possibly 
get, into the ship through the careful riveting. During bad 
weather the oil in one of these partially empty bunkers 
becomes much agitated and strains the ship to its utmost, 
until at last it succeeds in escaping in large quantities through 
the loosened communications. These disadvantages have to 
be overcome by keeping the bunkers continually full by 
means of an oil tank situated above them, which communi- 
cates with them either together or separately. This tank 
does not only replace the losses occasioned by leakage and 
diminution of volume, but receives the expanding oil in the 
case of a rise of temperature as well. The lower the liquid 
level in this tank the less is it likely to influence the stability 
of the vessel. Cylindrical erections in the bunkers reaching 
to the next deck and containing a proper quantity of oil are 
the best. 

(7) Cross bunkers, should they be required, must be par- 
titioned into two or three sections, so that when they are 
getting empty they may, by change of oil level, reduce the 
stability of the ship as little as possible. 

(8) Every bunker must be in communication with a ven- 
tilating pipe at its highest point. This pipe must be either 
separately, or after its union with a main pipe composed of 
numerous such branch pipes, led on deck, and there carried 
to a considerable height as a ventilating pipe. To prevent an 
explosion of the gases as they stream out of this pipe, its 
mouth must be covered with wire gauze ; the suction pipe of 
the steam pump must be laid to a deep point in the bunker ; 
this pipe conducts the oil into the tanks above the furnaces, 
from whence it flows into the sprinkler. Each bunker must; 
besides, have a supply-pipe for filling itself with. 

(9) Every bunker must have a collecting tank for the water 
which gets separated from the oil ; this must be in communi- 
cation with a Lenz pump or an ejector. 

(10) A steam-pipe must be laid through the bunker for the 
purpose of keeping the oil warm and separating the water from 
it, if the vessel be intended for high latitudes. 
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(ii) The carefully coated boilers must be at least 45 cm. 
from the wall of the bunkers, so as not to warm them too 
much. 

(12) The bunkers must be provided in their lower parts, 
with oil-level gauges, so that their emptiness can be easily 
discovered. 

(c) Precautions against Explosions, — The frequent explosions 
of the oil, especially on board the steamers of the Caspian 
were at first attributed to spontaneous combustion, when they 
really owed their origin to the inflammability of the oil, and 
particularly to carelessness. According to the investigations 
of Boutleroff and Sinin, spontaneous combustion of mineral 
oil is impossible, inasmuch as it does not condense any gases 
on its surface, and none of its components take up the oxygen 
of the air ; on the contrary, they are all opposed to oxidation. 
It is only when very inflammable bodies are present, such as 
sawdust, cotton, wool, &c, which are completely saturated with 
petroleum, that spontaneous combustion becomes at all 
possible. To avoid this danger, which the great inflammability 
of the oil entails, the Russian Government has prohibited the 
use of such mineral oil on board ship as shall have a point of 
ignition lower than 70° C, for the temperature of the oil in 
the bunkers frequently exceeds 149° Fah., owing to the heat 
radiated by the boiler in addition to the heat of the sun. 

This prohibition only touches the undistilled mineral oil. 
The residuals after the first distillation, as well as the other 
heavy oils used for fuel, have an ignition point of 212° Fah. 
Gulishambarov, however, is of opinion that even undistilled 
oil can be used as fuel, so long as the evaporation of its 
volatile particles is not left out of sight; and this view is 
indeed justified by practice in the United States, where, in 
all trials, of liquid fuel, the undistilled oil has always been 
used. 

The precautions to be observed in using oil as fuel turn on 
this point, namely, that the oils themselves are not to be 
feared, but only the explosive gases formed by the admission 
of air ; and even these only when they are brought into con- 
tact with an open flame. . If the bunkers, therefore, are 
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provided with shafts to carry off these gases, and if, when 
they are empty, they are carefully aired, and not till then 
inspected with safety lamps, all elements of danger have been 
eliminated, especially if the fuel used is residuals, which have 
scarcely any gases left to evaporate. In this case it may be 
safely stated that there is actually less danger of explosion than 
in cases where coal is the fuel. When, however, as Russian 
enginemen, with remarkable carelessness, have actually done, 
half-empty bunkers are lighted up and examined with 
unprotected open hand-lamps, accidents are almost inevit- 
able. 

In the engine-room of all Russian oil-burning steamers a 
notice is put up which points out the danger of inspecting 
bunkers with open hand-lamps, and insists on having all 
bunkers emptied and aired before they are examined and 
entered. The Russian Government engineers are responsible 
for the carrying out of all the Government regulations with 
reference to the use of liquid fuel on board steamers. 
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CHAPTER X. 

LIQUID FUEL FOR LOCOMOTIVES. 

In Russia the great success in the use of petroleum residual 
fuel in the locomotives of the Griazi-Tsaritzin Railway has 
been followed by its adoption on several other lines, after 
adapting several locomotives to its use, so as to test it in 
comparison with other methods. The Griazi-Tsaritzin Rail- 
way uses for all its locomotives (143) stationary boilers 
(50), and in the shops, petroleum residuum. The following 
are the results from the use of petroleum residuum fuel 
in two types of locomotives used upon this railway in 1885, 
compared with results from the use of coal in 1882. The 
annual average result shows that by weight i lb. of petroleum 
was equal in effect to i '78 lb. of coal : — 





6- Wheeled 
£ngines. 


S-Whecled 
Engines. 


Average consumption of coal per mile, 1882 


57-25 lb. 


81 -43 lb. 


„ M petroleum „ 1885 


32-23 lb. 


46-63 lb. 


Saved on petroleum against coal in weight, per cent. 


43 '70 


43-68 


Unproductive run of locomotives : 






With coal in 1882, per cent, of aggregate 


35-25 


15-85 


With petroleum in 1885 „ , 


3608 


15-97 


Average cost per mile : — With coal 


nd. 


iiK 


n M » With petroleum 


Aid. 


ekd. 


Saved on petroleum against cost on coal, per cent. 


42-35 


43-13 


Average yearly cost per ton : — Of coal 


£1 6 


^ Zd. 


Of petroleum 


£1 6 


s. 4^. 



With such a considerable run as is made by the locomotives 
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upon the Griazi-Tsaritzin Railway, the gross annual saving to 
the company from the use of petroleum residuum fuel in loco- 
motives and stationary boilers, and from indirect saving in 
repairs, will be about 4 1,666/. The comparative cost of running 
1000 car axles per mile given below, from the official reports of 
the Griazi-Tsaritzin Railway, points to the great importance of 
petroleum fuel for railway purposes. The cost of running 1000 
car axles per mile was in 1881, 18^. S^. ; in 1882, 17^. 2d. ; in 
1883, 16^. 9^. ; in 1884, i\s, 6\d, \ in 1885, \os, ; with coal, in 
1882, i8j. 5^., and with petroleum residuum in 1885, lOJ., or a 
saving of 46 -7 per cent 

Mr. F. V. Urquhart, whose system for burning petroleum is 
almost universally adopted by the railways in Russia using 
that kind of fuel, and who is most probably the most com- 
petent authority on the subject, has recently published the 
results of working with coal and petroleum residuum on the 
Griazi-Tsaritzin Railway, where petroleum residuum has been 
the sole fuel used since ist October, 1884. The comparison 
is accurate, complete, and comprehensive, and is the result of 
a year's use of each article. * 

In a paper read before the Institution of Mechanical 
Engineers* Mr. Urquhart states that since November 1884 
the whole of the 143 locomotives under his superintendence 
have been fired with petroleum refuse, besides fifty stationary 
boilers, both horizontal and vertical, two scrap-welding fur- 
naces, four tire-heating fires, two brass-melting furnaces, and 
three plate and spring heating furnaces. Petroleum refuse is in 
fact the fuel used for all steam-generating purposes to the com- 
plete exclusion of all solid fuel, except a very small quantity 
of wood for starting the fires in horizontal boilers of pumping 
engines. For all metallurgical operations also petroleum is 
used as fuel, except for the smiths* fires and the foundry 
cupolas, and strong hope is entertained of applying it even 
here. For passenger locomotives Mr. Urquhart finds it pre- 
ferable to use a longer nozzle to his sprinkler than that used 
for goods locomotives. The divider or vertical grid at one 

♦ Proc. Inst. Mech. Eng., 1889. " Supplementary paper on the use of petro- 
leum refuse as fuel in locomotive engines," by F. Urquhart, M.Inst.C.E. 
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GRIAZI-TSARITZIN RAILWAY. 

CONSUMPTrON OF COAL IN 1882 AND PETROLEUM RESIDUUM IN 1885, 

INCLUSIVE OF Kindling Wood, on two Types of Engines. 

EIGHT-WHEELED ENGINES. 

With Coal in 1882. 



Month. 


Average 
number 
in train. 


Aggregate 

distance 

run hy 

locomotives. 


Aggregate 

distance of 

unproductive 

run of 
locomotives. 


Aggregate 

distance 

run by 

freight cars. 


Average con- 
sumption of fuel and 
cost per mile. 


Petro- 
leum re- 
siduum. 


Cost. 


Tanuary .. 
!?'ebruary .. 
March 
April .. .. 
May .. .. 
June .. .. 
July .. .. 
August 
September 
October .. 
November . . 
December .. 


33*82 
3**21 

33*41 
38-14 
41-24 

40-53 
43*64 
39*99 
39*54 

Wi 

34-00 


miles. 
41,296 

37»444 
20,881 

24,293 
31,145 
37,520 

29,749 
3? '75 I 
56,586 
71,041 
70,466 
52,763 


miles. 

7,003 

5,770 

1,956 

3,329 

4,757 

t^ 

6,028 

9,298 

11,891 

12,648 

7,166 


miles. 
1,294,696 
1,082,924 
632,410 
850,147 
1,170,956 
I. 321. 835 
1,045,201 

1,308,734 
1,866.171 
2,081,474 
2,114,172 
1,416,010 


lbs. 
98-83 
86-91 
87-44 
73*01 
70-62 
73*04 

71*74 
71-28 
76-26 
77-06 

92-54 
99-82 


d. 
14-76 
12-66 
12-99 
10-60 
10-36 
10-73 
10-55 
10-01 
IO-75 
11-04 

13*49 
14-42 


Total and 
average > 
for year) 


37"5i 


511,935 


80,555 


16,184,730 


81-43 


11-50 



With Petroleum Residuum in 1885. 



Month. 


Average 
number 
in train. 


Aggregate 
distance 
run by- 
locomotives. 


Aggregate 

distance of 

unproductive 

run of 
locomotives. 


run by 
freight cars. 


Average con- 
sumption of fuel and 
cost per mile. 




Coals. 


Cost. 


January .. 
February .. 
March 
April .. .. 
May .. .. 
Tune .. 
July .. .. 
August 
September 
October .. 
November . . 
December .. 


37*72 

37*15 
30*95 
41 03 
40-81 
41-68 
38-80 
40-32 
39*76 
37-61 
36*24 
34*85 


miles 
83,636 
55,222 
38,742 
60,477 
87,805 

75,175 
63,901 

74,272 
82,415 
101,253 
82,346 
63,468 


miles. 
16,066 

10,449 
3,247 
9,809 

13,489 
11,029 
8,160 
10,796 
13,241 
15.468 

16,434 
9,482 


miles. 
2,549,230 
1,663,813 
1,405,162 

2,079,544 
3,033,003 
2,673,988 
2,120,526 
2,560,034 
2,654,637 
3,226,698 
2,388.761 
1,881.136 


lbs. 
48-30 
49*98 

52-79 
42-68 
41-00 
41*84 
38-19 
41-50 
41-22 
47*74 
42-95 
54*19 


d, 

5*36 
8-82 

6-95 
6-32 
5*47 
5*46 
b-02 
5-88 


Total and 
average 
for year) 


38-08 


868,712 


137,670 


28,565,555 


45*83 


6-50 
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SIX- WHEELED ENGINES. 
With Coalin 1 882. 





Average 
number 
in train. 


Aggregate 
distance 
run by 
locomotivo-. 


Aggregate 
di-stance of 

unproductive 
run of 

locomotives. 


Aggregate 

distance 

run by 

freight cars. 


Average con- 
sumption of fuel and 
cost per mile. 




petro- 
leum re- 
siduum. 


Cost. 


January .. 
February .. 
March 
April .. 
May .. .. 
Tune .. 
;uly .. .. 
August 
September 
October .. 
November.. 
December .. 


21-32 

27-47 
26-52 

28-59 
31-90 
30-74 
28-39 
27-04 
28-93 
23-30 
21-60 
20-04 


miles. 

78.244 

43,160 

27.742 

57.514 

111,181 

147,720 

145,232 

152,659 

143,000 

163,442 

159.669 

112,118 


miles. 
36,032 
23,008 
15,337 
22,497 

40,974 
48,638 
51,826 
52,697 
50,112 

53.837 
43,640 
36,081 


miles. 
897,826 
560,152 

329,249 
1,004,129 
2,241,273 
3,043,384 
2,652,482 
2,703,475 
2,693,239 
3,101,778 
2,508,388 

1,517,773 


lbs. 
62-60 
55-15 

52-73 
53-84 
56-58 

48-69 
49-88 

55*49 
62-29 
63-88 
68-37 


9-35 
9-90 
7-66 
7-78 
8-o8 
8-46 

7-13 
6-92 

V^, 

9-15 
9-72 


Total and 
average 
for year 


26-32 


1.341,681 


474.679 


23,253,148 


57-25 


7'8o 



With Petroleum Residuum in 1885. 



Month. 


Average 
number 
in train. 


Aggregate 

distance 

run by 

locomotives. 


Aggregate 
distance of 

unproductive 
run of 

locomotives. 


Aggregate 

distance 

run by 

freight cars. 


Average con- 
sumption of fuel and 
cost per mile. 




Coals. 


Cost. 


January .. 
February .. 
March 
April .. 
May .. .. 
June .. 
July .. .. 
August 
September 
October .. 
November .. 
December .. 


22-14 
22-OI 
22-58 
25-33 
28-49 

^8-35 
24-77 
28-27 
31-89 
28-04 
21-41 

22-15 


miles. 
114,192 
89,648 
88,950 
141,584 
179,872 
144,669 
131,341 

128.559 
130,846 

125,523 

119,788 

92,361 


miles. 
46.052 

37.513 

46,654 
65.985 

55,347 
48,001 
46,677 
46,088 
38.266 
36,258 
34.171 


miles. 
1,509,005 
1,148,056 
1,097,442 
2,354,348 
3,246,003 
2,533,104 
2,064,742 

2.315,544 
2,703,087 
2,448,912 

I, '287 [893 


lbs. 

34;43 

28-98 

31-73 
29-88 

29*93 
27-57 
28-75 
32 07 
35*55 
35-74 
38-13 


d. 

VI 

4-82 
5-16 

4*59 
4-28 

3*71 
4*17 
4*55 
5-09 
5-21 

5-74 


Total and 
average \ 
for year 


25*45 


1,487,333 


534,733 


25,159,709 


32 -23 


4*50 



H 
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time used inside the fire-box, close in front of the orifice of 
the sprinkler, for the purpose of still more thoroughly breaking 
up the spray jet, is now discarded in favour of bringing the 
brickwork closer up to the orifice, so that the spray may break 
itself up against a rugged brick wall. 

If the use of liquid fuel for locomotives has had such 
eminently successful results in Russia we must admit that the 
trials instituted in America by the United States Bureau 
of Steam Engineering have been at least equally satisfac- 
tory. We cannot do better than subjoin the report of Chief 
Engineer Greene,- and C. W. Rae and R. S. Griffin, assistant 
engineers. 

" Report of a Board of United States Naval Engineers on the 
trials, with petroleum as a fuel, of the burner of the 
Petroleum Fuel and Motor Company, fitted to a locomotive^ 
at Alexandria, Va,, May 3, 1888. 

Washington, D.C, May 31, 1888. 

" Sir, — In obedience to the orders of the Department, dated 
April 4, 1888, and under the instructions of the Bureau of 
Steam Engineering (letter No. 499), we have made a test of 
the value of crude petroleum for fuel, as used in the patented 
device of the Petroleum Fuel and Motor Company of this 
city, and report as follows : — 

" In the system employed by this company the oil is first 
atomised, or probably partially gasified, by highly superheated 
steam, after which it is supplied with a quantity of hot air 
within the pipe by which it is conducted to, but at some 
distance from, the burner. The apparatus as applied to a 
locomotive belonging to the company, which was placed at 
the disposal of the board for trial, consists of the atomiser 
located below and secured to the floor of the cab; the oil 
pump, drawing its supply from a closed tank in the coal-box 
of the tender and forcing it through the atomiser and pipes to 
the burners ; the air-tank, and coil in the smoke-box for heat- 
ing air, which is supplied by an ordinary Westinghouse air- 
pump, which pump also supplies the air-brake system; the 
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superheating coil for superheating steam for the atomiser, 
which is located inside the fire-box ; the burner, and the air- 
pipes, for supplying air around and near the burners for the 
more perfect combustion of the atomised oil. 

"The atomiser consists of a hollow globular casting 5 inches 
in diameter and divided into two parts by a curved diaphragm. 
Through a nozzle on one side passes a pipe i^^ inches in 
diameter which extends through the diaphragm and then 
narrows to a one-eighth inch opening. In the interior of this 
pipe and having the same axis is a second pipe three-eighths 
inch in diameter and narrowing to a one - sixteenth inch 
opening directly opposite the opening of the larger pipe. The 
superheated steam enters the globular part from below and 
passes through a number of small holes in the larger pipe and 
jackets the smaller pipe for a distance of 10 inches. The oil 
is supplied through the inside smaller pipe, being heated J^y 
the jacket, and passes in a jet through the one-sixteenth inch 
opening, and then with the superheated steam passes through 
the one-eighth inch opening in the end of the larger pipe. 
From the globular part, the atomised oil and superheated 
steam are conducted a distance of 20 inches through a ij inch 
pipe, and then upwards to the post of the furnace door, and 
thence to the burners. 

" At the bend the hot-air pipe is attached, the heated air 
being delivered through a \ inch pipe extending upward to 
the hollow door-post. The door-post is so arranged with a 
packed joint that the door can be opened and closed readily 
without deranging the oil apparatus. 

" The oil pump is conveniently located within the cab at 
one side, and arranged with a safety valve and branch in its 
delivery pipe, so that when the oil pressure exceeds the limit 
set, the valve opens and the excess of oil flows back to the 
tank from which it was drawn. 

" The air tank is a simple cylindrical drum to serve as a 
reservoir, and the heating coil is of ordinary iron pipe, bent to 
form, and set directly opposite the tube ends in the smoke- 
box, so that the heat which it receives is only that which 
would otherwise be lost up the funnel. 

H 2 
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The steam superheating coil is located within the fire-box 
and rests on an inclined shelf of fire-brick, which shelf protects 
it as well as the tube sheet and tube ends from the direct 
action of the flame. A space over the top of the shelf, 
8 inches wide, and at the sides and bottom 2 inches wide, 
permits the passage of the products of combustion to the 
boiler tubes. 

"The coil is of copper pipe \\ inch diameter with f inch 
bore. The pipes supplying both the air reservoir and the 
superheating coil lead first to the cab, for the purpose of 
having regulating valves at hand, and then back to the coils, 
from which they lead directly to the atomiser. 

" The burners are placed on the lining plate of the furnace 
door. The burners proper are 124 in number and are in the 
form of hollow frustums of cones | inch at base and \ inch at 
the point with \ inch openings, and projecting i J inches from 
the face of a flat casting. A second flat casting is faced and 
secured to the first one, and between the two is cut a spiral 
groove in which the pipe from the door post, supplying the 
atomised oil, is placed. Drilled into this pipe opposite each 
of the hollow conical projections are four i •32-inch holes, and 
the pipe itself terminates near the middle of the casting with 
a screw plug which can be removed for blowing through. 

"The air supply pipes have bell-mouth openings, pass 
under the grates on both sides, thence up into the fire-box, 
and entirely around and at a short distance in front of the 
burners. They are perforated on the side toward the flame. 
It is designed that these shall catch the air and force it up to 
the flame by the forward motion of the locomotive. A 
damper in the door performs the same office when the engine 
is backing. 

" All the pipes through which the oil, either in the liquid or 
atomised form, passes, as well as that for superheated steam, 
are of copper or of a composition of 90 per cent, of copper, 
and it is the use of this material, it is claimed, which prevents 
the deposit of solid carbon and consequent choking. 

" The boiler is of the usual locomotive type, and its principal 
proportions are as follows, viz. : — 
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Grate surface square feet .. ii*33 

Heating surface : 

Fire-box do. .. 72*88 

Tubes do. .. 736*70 

Front head do. . . 6 * 24 



Total do. .. 815*82 

Ratio of grate to heating surface i to 72 

Area of opening through tubes square feet .. 2*92 

Ratio of opening to grate surface i to 3*88 

'* The water used was taken from the city hydrant and was 
extremely muddy, so that the boiler water legs, which were 
clean at the start, were filled from 8 to 10 inches in depth 
with hard mud at the end of the trial. 



THE TRIAL. 

" For the purpose of the trial, the locomotive was taken to 
the yard of Messrs. J. P. Agnew & Co., in Alexandria, Va., 
and a box-car placed on a siding to serve as a platform for 
the measuring tanks and to furnish a convenient place within 
for making the calorimetric tests. 

" Two large casks were used for measuring tanks and their 
capacities accurately determined by weighing. The casks 
were placed on the roof of the box-car, and pipes from each 
led to the engine water-tank. 

"The steam was blown off at the safety-valve at the 
pressures shown in the table on page 6% and the steam for 
the calorimeter was taken from the boiler dome directly below 
and as near as possible to the safety-valve, the mouth of the 
pipe being directed against the current of the flow. This 
pipe led inside the box-car where the calorimetric tests were 
made. 

" The water was fed to the boiler by the injector, but all 
the overflow was caught and returned to the tank. Care was 
taken that there were no leaks or loss from any cause. 

**A11 preliminaries having been arranged, the trial was 
begun on the morning of the 3rd instant. As steam was 
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required for the atomiser, it was necessary to start fires in the 
usual way with wood and coal. 

" Fire was started at 8 . 20 a.m., 247 pounds of pine and 
756 pounds of anthracite coal (egg size) being used for this 
purpose. Steam formed at lO'io a.m., and at 10.52 a.m., 
there being 75 pounds pressure indicated by the gauge, the 
dampers were tightly closed, the surface of the coal in the fire 
box covered to the depth of 2 inches with refuse and earth, 
and the oil fire started. It was believed that the closing of 
the dampers and covering of the coal would wholly eliminate 
any effect the starting fire might otherwise have, but to be 
doubly sure the oil fire was continued at full force until 1 1 . 30 
a.m., three hours and ten minutes from starting, before the 
trial proper was begun. At that time the water level in the 
boiler was as near as possible midway between two and three 
gauge cocks (there was no glass gauge), the level of water and 
oil in the tanks of the tender was marked, and the taking of 
data, which were recorded half hourly, commenced. The trial 
lasted for six hours, or until 5.30 p.m., at which time the level 
of the water in the boiler and in the tank was the same as at 
starting. 

"Three barrels of oil, all that was at hand, had been 
weighed and supplied to the tank and four inches in depth 
additional used from the tank. The area of the tank was 
then carefully measured, and it was found that this additional 
amount was 45*6 gallons, which, at 6*85 lbs. per gallon, was 
312 lbs. 

"The three barrels weighed 1015 lbs. net, or there was. 
used a total of 1327 lbs. of oil. 

" The capacities of the water tanks were. No. I, 786 lbs. 
of water; No. 2, 718 lbs. of water. 

" The observed data with totals and averages are given in 
the following table (p. 103). 

The apparent evaporation of water per lb. of oil from a 
temperature of 67*25°, and under an absolute pressure of 
122* 5 lbs. per square inch, then was : — 

19,945 -r- 1,327= 15-03 lbs.. 
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and for the equivalent evaporation from and at a temperature 
of 212° we have : — 

Absolute pressure (/ ) = 122*5 

Total heat of steam at this pressure (H) = 1,186*4361 

Temperature of feed-water (/) = 67*25^ 
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Total heat of water at temperature / (A) = 35 '2616 

Units of heat required to vaporise I pound of water from 

temperature /, and under an absolute pressure / (H— A) . . = 1,151* '745 
Units of heat required to vaporise i pound of water from and 

at a temperature of 212® = 965*7 

"Then 15*03 x 1151-1745 -7-965-7 = 17*916 lbs., which 
would be the true equivalent evaporation from and at 212° 
had the water been all vaporised, or had the product been dry 
saturated steam. 

" During the trial five reliable calorimetric measurements 
of the quality of the steam were made, and the observed data 
and computed results, calculated by the formula 

are given in the following table (p. 105). 

The averages of these results give 92*7 per cent, of dry 
steam and 7*3 per cent of moisture which passed off with 
the steam. 

To determine the correct potential evaporation and the 
* actual heat units realised from the combustion of the fuel, as 
measured by the steam produced, we have the following data 
and computations. 

Units of heat required to vaporise I pound of water from tempera- 
ture 67 '25° and under absolute pressure 1 22 '5= 1151*1 745 

Units of heat required to raise the temperature of i pound of water 
from 67*25° to 342*61°, the temperature due to the absolute 

pressure 122*5, 314-4726— 35*2616 = 279*2110 

Total pounds of water fed to boiler 19 » 945 

Pounds of water vaporised, 19945 X '927 18,489 

Pounds of water raised in temperature, 19,945 X *o73 = .. ., i>456 

Units of heat required to vaporise the water = 18,489 X 

1151*1745= .. 21284065*33 

Units of heat required to raise the temperature of the water 

= 1456x279-211= 406531*22 

Total units of heat derived from the fuel, as measured by the 

steam discharged 21690596*55 

Units of heat per pound of oil, 21690596*55 -^ 1327 = .. .. 16345*59 

Number of pounds of water of temperature, 67*25° that would 
have been vaporised under an absolute pressure of 122*5 pounds 
per pound of oil, or potential evaporation, 16345*59 -5- 

1151*1745= 14.199 

Equivalent potential evaporation from and at 212°, 16345*59 

-5-965*7= 16*926 
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" The oil fire was practically noiseless and smokeless, and 
there was no evidence, in the way of leaks or odour, to indicate 
that petroleum was burning. 

" It is probable that the high temperature and quantity of 
the steam supplied to the atomiser was more than sufficient 
to wholly volatilise all the oil, and that the heated air later 
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supplied in the pipe was also of sufficiently high temperature 
to prevent any condensation, so that the fire was really a gas 
flame. Just what these temperatures were the board had no 
means of accurately determining, but the superheated steam 
pipe, 30 inches distant from its passage through the boiler 
front, was sufficiently hot to quickly melt and vaporise zinc, 
while at the atomiser it readily melted lead ; hence the tem- 
perature of the steam must have been near 800° Fah., while 
the temperature of the heated air, judging by the touch, must 
have been above 200° Fah. within the pipe. 

" The quantity of air and steam required for the atomiser 
could not have been large, for the former was all delivered 
through a one-sixteenth inch orifice under a pressure of 57*7 
lbs., and a moderate motion of the air-pump supplied it, while 
the latter, together with the entire oil supply for the fire, was 
delivered through a one-eighth inch orifice, the pressure being 
107*5 lbs., and the difference of pressure on the two sides 
causing the flow being necessarily less than this. 

" A sample of oil taken from the tank during the progress 
of the trial was, by the courtesy of Surgeon-General J. M. 
Brownie, U.S.N., chief of the bureau of medicine and surgery, 
submitted to the chemist of the Naval Museum of Hygiene 
for analysis, with the following result : 

C = 84*08 Specific gravity, 0*822. 

H = 14*40 Flashing point, 6^ Fah. 

0= 1*52 
N = Trace. 



100*00 



"With the chemical composition of the fuel and the 
following formula, based on the experimental determinations 
of Messrs, Favre and Silbermann, we are able to compute the 
number of heat units that its complete and perfect combustion 
will produce : — 



h 



= i4SOo[c-h4-28(H--^)J 
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This gives 

h = 21010-326. 

The equivalent evaporation from and at 212° is 











E = 


965-7 


which 


gives 












E = 


21 


•756 


= lbs. 


of water. 



" Whence it appears that there was realised with petroleum 
in the device tested yyS per cent, of the total heat of 
evaporation of which it was theoretically capable, which is a 
much larger proportion than is possible under any conditions 
of actual working practice with the best quality of coal. 

" The facility of handling petroleum and manipulating the 
fires is very decidedly in its favour, and a much smaller force 
would be required for that purpose than with coal. 

"The trial was not of sufficient duration to absolutely 
demonstrate the permanent efficiency of the device ifor 
burning petroleum, but an examination after its conclusion 
showed no evidence of any deposit of carbon in the pipes or 
burners, and certainly the heat and evaporative efficiency 
were as great at the conclusion as at the beginning. 

" The representative of the company informed us that the 
device experimented with had been in use for three years 
that it had not been cleaned, and that there had never been 
any evidence of carbon deposit. 

" The question of safety in stowing and handling has not 
been decided, but in the opinion of the Board this could be 
satisfactorily provided for by the use of closed tanks, water- 
jacketed, with vent pipes overboard, and by careful workman- 
ship in connecting pipes, fittings, and valves. 

" We are of the opinion that the system could be advan- 
tageously adopted on board torpedo-boats and coast-defence 
vessels, if safety in stowage and handling can be clearly 
arranged, and think the device of the Petroleum Fuel and 
Motor Company, of Washington, D.C., worthy of a trial. 
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particularly as it can be applied without interference with the 
coal-burning arrangements." 

" Very respectfully, your obedient servants, 

A. S. Greene, 
Chief Engineer y U.S,N. 

C. W. Rae, 
Passed Assistant Engineer y U.S. A. 

R. S. Griffin, 
Assistant Engineer, U.S.N, 

** Engineer-in-Chief George W. Melville, U.S.N. 
Chief of the Bureau of Steam Engineering. 

Navy Department, Washington, D. C." 
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CHAPTER XL 

SOME INDUSTRIAL APPLICATIONS OF LIQUID FUEL. 

Burning Brick by Oil. — In a paper read by S. P. Crafts 
before the National Association of Brickmakers at Memphis, 
United States of America, the cost of the various fuels em- 
ployed in Southern New England is given, and it is stated that : 
"One cord of beech wood, worth $4*00, contains 17,065,000 
heat units ; one (American) ton of bituminous coal, at $4*00, 
contains 31,227,000 heat units; four barrels of fuel oil, 
40 gallons each, at $i'00 per barrel, at 6 pounds to the 
gallon, gives us 20,160,000 heat units. Here then," says 
Mr. Crafts, ** we have data based on the cost and heat values 
for one locality, the variation from which will not be large 
from any of the brick manufacturing centres in that region, 
in which I include the Hudson River, New Jersey, &c. 

" Now which shall we use ?" Mr. Crafts asks his audience. . , 
" The most cost for labour in burning, and the least cost for 
fitting up is with wood, but it involves the greatest cost for fuel. 
The greatest cost for fitting up, and a smaller cost for labour 
in burning is with coal, but with the least cost for fuel if you 
could realise all the heat it contains. With oil the cost of 
fitting up is more than with wood, but less than with coal, 
unless you build permanent walls, and even then it is some- 
what less, and the labour in burning is least of all. But the 
cost of burning with oil is less than with wood, but more than 
with coal, unless you can utilise a muc^h greater percentage 
of the heat of the oil than that of coal. Now it is claimed 
that you can get all the heat there is in the oil, at least 19,000 
out of the 20,200 units, and that with coal you get but 8000 
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or 8500 out of the 14.300 units. You must remember, how- 
ever, that these are claimed as proportions in the pound 
weights of the two fuels. When we consider the cost they 
more nearly approach each other; 12 lbs. of oil costs 5 cents 
and 12 lbs. of coal costs 2 1-7 cents \ therefore, to get at the 
relative values we must estimate the work of 12 lbs. of oil 
and the work of 28 lbs. of coal ; 12 lbs. of oil at 19,000 heat 
units gives 228,000 heat units, as against 224,000 at 8000 or 
238,000 at 8500. 

" From this it seems that there is very little difference 
between the cost of coal or oil unless some other considera- 
tion intervenes. But there is a consideration of the lesser 
expense of fitting for oil, the saving of time in burning, the 
fewer hands required, and the ease with which you can 
increase the heat. You may keep your bricks at a dull red 
and fail to burn them hard ; but if you can in a shorter time 
with oil get the requisite temperature, then you do the work 
in less time and at a saving of fuel, for the radiation of the 
heat of a kiln in six or seven days is no small item. It seems 
to me that in this shortening of time and saving thereby is 
the principal argument in favour of oil over coal ; but it 
becomes us to consider whether the difference of the per- 
centage of heat utilised under a boiler when burning oil or 
coal, will hold good when diffused in and through a kiln of 
brick. I do not think it will, for a kiln seems to take up all 
the heat of combustion in either case, certainly until the last 
stage of burning, when tlie blanket of steam ceases to hold 
down the heat as in the earlier stages, a condition very 
different from the smoke-stack of a boiler. In summing up, 
I should say that wood is the simplest and most expensive 
fuel in most localities, certainly in localities where the greatest 
number of bricks are made, but that between coal and oil it is 
an open question." 

During the discussion on this paper Mr. D. V. Purington 
read a letter from a friend, and made, besides, some forcible 
and eloquent observations which we will do him the justice to 
reproduce in his own idiomatic language : " Just before I left 
home I happened to receive from my superintendent of the 
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yard in Indiana a little note relative to a kiln of 250,000, 
giving the facts of the difference between wood and oil. . . . 
He does not give the cost of labour; he simply gives the 
difference in labour in favour of oil. Kiln of 250,000 using 
.wood and coal : 40 cords of wood at $2. 50 = $100 ; hauling 
to kiln at 25 cents per cord = $10; 90 tons of coal at $3 = 
$270; unloading same, $7.50; cleaning up the ashes, $5; 
difference in labour, $10; total $402.50= $1.61 per 1000 
for fuel and the extra labour. That, of course, seems a little 
forced. He should have either not given the labour at all, or 
given the entire cost of labour. At this place, where we make 
pressed brick, we have been unable to find any burner we 
could dry off sufficiently slow with oil to get the steam off 
without commencing to bum the brick, so we have dried off 
partially with wood. Same sized kiln with oil : 15 cords of 
wood at $2.50= $37.50 (against 40 cords of wood); 350 
barrels of oil at 62 cents per barrel, $217; making steam 
10 tons of coal at $3 = $30; hauling 15 cords of wood at 
25 cents = $3 .75 ; unloading coal, 75 cents ; total $289*00, or 
$1.15 per 1000; saving = $113.50. The above figiires are 
about as close as I can get them, and nearly accurate. I have 
figured the cost of coal at $3 and the oil at 62 cents, which 
may not be exact. Now, in our yard in Chicago, common 
brick-^and I want to say right here that efflorescence in our 
Chicago modern brick does not bother us any ; you cannot 
see it if it does come out ; you do not care anything about it — 
I have burnt this year a little over 28,000,000, without using 
a stick of wood or a pound of coal, entirely with oil. Of 
course my bricks are artificially dried. We have taken out 
of each brick, from the time it was made till it was set in the 
kiln, \\ lb. of water, so they are about as dry as can be got, 
practically. We start one side of the kiln three or four hours 
before we do the other, and we get the heat up just as fast as we 
can get the draft started. When we first start, of course without 
the arches being heated at the sides to form a combustion, we 
have to burn more oil. Our fire is oil, and we burn on an 
average 4 days, when the average was about ^\ days before. I 
bum in kilns of twenty-four arches each, and where we used five 
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men we now use two. We have no ashes to haul away, no coal to 
unload. We unload all our fuel with a little steam pump, and 
it is then ready to be drawn by gravitation from the tank to 
the kiln. I can state unequivocally that I know of no in- 
ducement, other than a pecuniary one, that would lead me to 
go back to burning common brick artificially dried with wood 
or coal. I am not up in heat units, and shdll endeavour to talk 
in a language that brick makers can all understand. I do not 
know a unit of heat ; would not know a dozen if I were to see 
them right here. The cost for fuel has been, for oil, an 
average of 36^ cents per 1000. In the beginning, before we 
understood oil and its uses, we used a great deal more, and we 
are all the time improving upon it. Any science so new as 
the burning of brick with crude oil is susceptible of great 
changes, and I expect it to improve for the next ten years. 
The exact total cost of burning brick, so far with me I have 
been unable to ascertain, for this reason — I take my steam 
from a stack of three boilers, and the same steam from the 
three boilers is used for running my machines in the day time, 
and also for my kilns, and for burning brick, so I have been 
unable to divide the amount of steam I use for burning 
brick, and the only way I can get at it is relatively, and my 
figures show the total cost for labour, fuel, oil and coal for 
burning brick this year has been 53 J cents as compared 
last year with 92 cents using wood and coal. If the cost of 
fuel was the same ; if it cost me just as much for oil and wood 
to make steam, as it did for wood and coal, I would still burn 
with oil. My arch bricks, aside from the first 18 inches, are the 
best I have in the kiln. To use a burner with an aperture 
sufficiently small to make a light fire results in clogging that 
aperture with carbon. The hydrocarbon burner is in many 
respects, I think, the most complete oil burner I have ever 
seen. There are five apertures about the size of a knitting- 
needle in it." In answer to a question whether he found any 
difficulty in handling the fires with oil and getting at the 
centres, outside corners and ends, and throwing the heat into 
any desired part of the kiln, Mr. Purington replied in the 
negative, and explained that to get the heat he lets one side 
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go very light, and fires the other heavily, so that the two 
flames, instead of meeting in the centre, faced each other. He 
also stated that he could get any heat he wanted inside of 
two minutes. After the fire was started and the brick began to 
sweat, there was no difficulty in getting the fire to penetrate, 
besides in firing there was this advantage over coal, that the 
kiln could not possibly be choked, and there were no ashes and 
no dust. On being asked the average cost per arch to arrange a 
kiln to bum with oil, taking into consideration the pipe, burners, 
truck, &c., Mr. Purington stated that to fit up a yard for 
making 35,000,000 of bricks, about $2500 was requisite. 

Armour-plate bending by Liquid Fuel — At Woolwich most 
remarkable results have been obtained with liquid fuel in the 
manufacture of armour plates. We are indebted for the 
following particulars to Mr. B. J. Carew's ' Practical Treatise 
on Petroleum.' 

Under ordinary circumstances the armour-plate bending 
furnace is lighted from four to five hours before the plate is 
placed in it. The time occupied in heating the plate for 
bending depends upon its thickness, one hour per inch of 
thickness being allowed. Taking then a 6-inch plate, we get 
from ten to eleven hours from the time of starting before the 
plate is ready for bending. Let us now see what the liquid 
fuel will do. The cold furnace is lighted, and after an hour 
is deemed sufficiently heated. A 6-inch armour-plate, 7 feet 
6 inches long by 3 feet wide, is then consigned to the furnace, 
and after an hour and a half is drawn and thoroughly heated 
and ready for bending. Thus in two hours and a half we 
have the work of ten or eleven hours completely and satis- 
factorily performed. Nor is this all ; the advantages of the 
system do not stop here. The plate is remarkably free from 
scale, which can only be accounted for by the absence of the 
deteriorating influence of the products of combustion in the 
ordinary furnace. Another valuable result arises from this 
cause. Thin plates, when heated by liquid fuel and bent 
double, show no signs of cracking, as they usually do when 
heated in the coal furnace. This important feature is said to 
save ten shillings per ton on the metal, which amount it 

I 
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would lose in value by deterioration under the ordinary 
method of treatment. The fuel in a vaporised condition is 
supplied from the generator to the furnace by six jets, which 
are led in through small openings, by which means just a 
sufficient quantity of atmospheric air is admitted to support 
combustion. This method of supplying heat also offers 
another advantage; it can be applied to the whole or any 
portion of the plate. Thus, if a plate requires to be bent to 
one end only then the heat is directed to that part. Further, 
the rate at which the metal is heated can be regulated to a 
nicety by increasing or diminishing the number of jet$. 
Close beside the armour-plate furnace is another one for 
heating thinner ones, which have been regularly at work for 
some time past. It is heated by four jets, and is supplied 
from the same generator which is placed between the two. 
The average time occupied in heating is seven minutes ; with 
the ordinary furnace it takes from twelve to fifteen minutes 
for each plate. 

Manufacture of Iron by the " Eames Process'' — ^This is an 
American process and consists of an ordinary re-heating 
furnace, with a generator and a steam boiler attached to it 
The generator consists of a cast-iron vessel with alternate pro- 
jecting shelves attached to its sides. The oil trickles over 
the shelves and is swept off by a jet of superheated steam- 
The maximum amount of oil required for this furnace is 30 
gallons, or 200 lbs., per hour ; it can work charges of 3000 lbs., 
and make steam for the rollers besides. "The trickling oil 
is met by a jet of steam moving in the opposite direction, 
and is at once .completely vaporised under a pressure of 
about 10 lbs., and is carried into an adjoining furnace. Air 
subsequently mingles with the steam and oil vapour and passes 
the furnace bridge and burns within the furnace, and then 
runs beneath the boilers to the flue and stack. The old bridge 
is completely bricked up excepting a space which extends 
across the furnace, closed only by fire-bricks placed on 
end, and it is found that if the combustion chamber has a 
horizontal thickness of more than 18 inches, the fire-bricks are 
fused." 
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The working of the apparatus is thus described by Professor 
Wurtz : — " It is quite easy to determine with precision, with 
the arrangements at Jersey City, the relations of consumption 
of oil to iron produced, and time, labour and material occupied 
in any special case. The oil was fed from a tank sunk in 
the ground, which had a horizontal section throughout of 
four feet square. Each inch in depth therefore corresponded 
to 2304 cubic inches, or closely enough to ten N. S. gallons of 
231 cubic inches. By gauging with a graduated rod each 
hour, therefore, the hourly consumption of oil was readily 
followed up. It was thus determined by me, that, starting 
with a cold furnace and a boiler full of cold water, 45 minutes 
was a maximum time, with oil fed at the rate of 30 gallons 
per hour, or 22*5 gallons in this time, to bring the whole fire 
space to a dazzling white heat Six piles of boiler scrap 
averaging 500 lbs., or 3000 lbs. in all, being then introduced, 
35 minutes more at the same rate of consumption not only 
brought the piles to a high melting heat, but raised the steam 
in the boiler to 90 lbs. pressure, being that required to operate 
the rolls. The time required after the furnace was heated 
and steam up for each charge of 3000 lbs. averaged at most 
80 minutes, and as the brickwork became heated throughout 
it was apparent the feed oil might be somewhat diminished. 
Thus in a working day of ten hours, just seven such charges 
could be worked off, averaging 2500 lbs. of rolled iron each ; 
total 8 tons per day of boiler-sheet from one such furnace, 
with an average consumption as a maximum of 30 gallons 
(200 lbs.) of oil per hour, or 300 gallons (2000 lbs.) in all. 
To this must be added, however, the fuel used under the 
generator and small supplementary boiler, which together 
was SCO lbs. per day. It is admissible that the generator and 
one boiler will operate several furnaces, the inventor says five. 
If we say four it will diminish the small addendum of cost. 
As to the working this furnace with coal, it was ascertained 
from the testimony of the operators, that by keeping up the 
fire all night, so that a heat could be had at a reasonable time 
in the morning, the maximum product of finished sheet 
might be, with superior work, allowing 90 minutes for each 

I 2 
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heat, 6 American tons, with a consumption of at least 5i 
American tons of coal, 12,320 lbs., or 2053 lbs. of coal per 
ton.* 

Scrap Welding Furnaces, — These furnaces are in use at the 
Borisoglebsk works on the Griazi-Tzaritzin Railway, in Russia, 
and are described by Mr. Urquhart, in his supplementary 
paper on the use of " Petroleum Refuse " read in January 1889 
before the Institution of Mechanical Engineers. The body of 
these furnaces is of the usual reverberatory form, and in place 
of a fire-grate it has three air spray injectors at the firing end, 
which are placed almost on a level with the bridge. Through 
these three blast injectors the whole of the air required for 
combustion is supplied. As no unconsumable particles exist 
in the fuel, no ash-pit is required, and no clearing is necessary 
during working, hence the furnace can work continuously so 
long as the roof does not get burnt out. It also slags very 
freely, thus proving that quite sufficient heat is available 
for all practical purposes. The blast used is cold, and from 
the ordinary smithy main. It was at one time contemplated 
to heat the air by the waste heat from the furnace itself ; but 
being short of boiler power Mr. Urquhart had to utilise the 
waste heat from both these welding furnaces for heating a 
large elephant boiler erected close by, which now supplies 
almost sufficient steam for the steam-hammers and rolling 
mill. The petroleum reservoir is placed right above the larger 
furnace, in order that during winter the refuse may be 
kept in a liquid state by the heat radiating from the furnace ; 
it supplies both furnaces through a separate pipe to each. 
Besides a main cock on the pipe to each furnace, there are also 
three half-inch cocks for regulating minutely the supply of 
fuel to the three spray injectors of the larger furnace. The 
liquid trickling from these cocks spreads into a thin fjlm upon 
an inclined shoot cast in one piece with the blast pipe, which 
terminates at the furnace end in a wide flat tuyere. The blast 
issuing fronf this broad rectangular orifice carries with it, in 
the form of spray, the thin flat film of petroleum dropping 

* J. B. Carew, * Practical Treatise on Petroleum.* 
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from the orifice above ; and the jet striking against the low 
bridge, half a brick high, produces a thorough mixture of air 
and gas, the proportions of which are so accurately regulated 
that a perfect white welding heat is maintained in the furnace 
without any smoke being emitted. The larger furnace has 
three blast injectors while the smaller requires only two. The 
same construction of blast injector is now used also in the tire 
fires in place of circular tuyere nozzles. 

The great simplicity of the appliances for thoroughly utilising 
liquid fuel for metallurgical purposes, even for forgings of the 
largest size, commends itself in any country where this fuel 
can be had at a cheap rate. As no trace of sulphur exists in 
petroleum refuse, no deteriorating effect can take place upon 
the iron. With coal, especially Russian bituminous from the 
Donetz coal basin in South Russia which is rich in sulphur, it 
is impossible to get iron of first-rate quality. In tests made 
on iron rolled from poor unwashed scrap welded with liquid 
fuel it was invariably found that a very homogeneous ductile 
metal of high quality was produced. As compared with coal 
a saving is effected of 40 per cent, in weight of fuel, besides 
the output being considerably increased. 

On Monday mornings 3 J hours are required for heating the 
larger furnace up to a white heat, with a total consumption of 
540 lbs. of petroleum refuse. On all other days in the week 
ij hours are required, with a consumption of 125 lbs. To 
make one ton of blooms in the larger furnace alone from 
small unwashed scrap three times welded requires a consump- 
tion of 17 cwts. of petroleum, with a loss of iron of from 18 to 
20 per cent. In practice, however* both furnaces are at work 
at the same time, and the blooms are passed from one to the 
other when being hammered, thus keeping the heat up in 
blooms and furnaces, and reducing the consumption of 
petroleum to 13 cwts. per ton of rolled bars of light section. 

Brass-melting Fires, — Mr. Urquhart also describes in the 
same paper two brass-melting furnaces using liquid fuel, 
which he has had in daily work about three years with entire 
satisfaction. The same fires were formerly used with coke as 
fuel ; they are of the well-known make having drop bottoms, 
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which however are not now used, as no unconsumed residue 
remains in the furnace. The same blast tuyere is used here 
as in the welding furnaces and tire fires ; one is quite 
sufficient for each brass fire, and is set tangentially to it, 
thereby giving a whirling motion to the flame, which coming 
in contact with the white-hot fire-brick lining ensures complete 
combustion of all the particles it contains. The blast used is 
cold, and supplied from an ordinary fan. Besides occasioning 
a much cleaner foundry, free from sulphurous fumes, the 
adoption of petroleum in place of coke has resulted in a 
sensible economy in fuel, as well as a saving of time in 
melting. The results are as follows : — ^with coke, 40 lbs. of 
brass castings were made with 35 lbs. of fuel and 10 per cent, 
loss of metal ; while with petroleum refuse 40 lbs. of brass 
castings are made with 18 lbs. of fuel and only 6 to 7 per 
cent, loss of metal, and with 25 per cent, saving in time. 

It is of course quite possible that a better arrangement 
could be made for this purpose ; but, as in the case of loco- 
motives, the plan described is the simplest and most direct 
method of applying liquid fuel under existing circumstances, 
and Mr. Urquhart has been so satisfied with the results that 
he has not seen any necessity for further experimenting. 
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CHAPTER XII. 



CONCLUSION. 



In addition to those that have been adduced in their favour 
in the preceding pages, the advantages of liquid fuels as com- 
pared with coal, especially those that are of weight in con- 
nection with modern fast steam men-of-war, may be summed 
up in the following order : — 

(i) The rapidity and cheapness with which they can be 
brought on board, which, according to Tweddell,* are so 
great that the steamers of the Caspian can ship from 8oo to 
I GOO tons of fuel in from three to four hours, a period which 
could be still more reduced if a few arrangements still wanting 
were introduced. A torpedo boat, therefore, which required 
at most about twenty tons of liquid fuel could be made ready 
in a few minutes, and a whole flotilla would require no more 
time than it takes to coal a single boat at present. 

(2) The storage of the oil in such parts of the vessel as are 
unfit for cargo. Such parts are the water ballast tanks of 
large cargo-carrying steamers, the double bottoms of ironclads 
as well as the keel spaces fore and aft of boilers and engines 
on all steamers. Besides, by filling up these spaces it will 
become possible to make the engine rooms more convenient 
and spacious, by reducing the bunkers, especially in the case 
of smaller vessels. 

(3) The diminution of the Staff of stokers and of the 
physical fatigue of stokers. As the oil is sent out of the 
bunkers into tanks above the furnaces by means of a steam 

♦ * Journal ' of the Royal United Service Institution, May, 1885, p. 698. 
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pump, from whence ilk^flows of itself into the furnaces, coal 
trimmers are not required Besides, only one stoker is 
wanted for each watch for every fiirnace on board, who has to 
regulate the sprinkler taps and see that the water in the boilers 
is at the right height. Tweddell stat^ that the steamers 
of the Caspian have usually only one stokei;;^ and two boys for 
each watck The largest steamers that hav^Scominunicating 
furnaces would therefore require no more thao one stoker 
and three or four boys for each watch, and would cansequently 
want no more than three stokers and ten or twMve boys 
altogether, whereas at present they employ a staff oR stokers 
amounting to from sixty to eighty men, which miASt cost 
steamship companies at least 60/. per annum per ni&n in 
wages and keep. What sums steamship companies wd 
save through reducing their stoking staff can be easS 
calculated. • On board torpedo boats one stoker would suffic 
instead of the two that are the>ule now for each watch ; and^ 
as the stoker will have little physical work to do, the men 
will keep better health in bad weather, whereas at present it 
is well known that the leading stokers are the first to get 
exhausted. 

(4) The greater power of evaporation of liquid fuels, 
which is in the proportion of 7 to 4 to that of coals, enables 
steamers either to reduce the weight of the fuel they take on 
board when the same distance is to be steamed as in the case 
of coal fuel, or else enables steamers to steam a longer 
distance when the same quantity of liquid fuel is taken as 
would have been required if coal had been used. A modem 
torpedo boat, which, for example, at a given speed could go 
4000 knots, would, if instead of coal it had the same weight 
of oil on board, be able to go 7000 knots ; and if it filled an 
equal space with oil as the coals would have occupi^d^ it 
would be able to go 7500 knots, because one ton of coal 
occupies 44 cubic feet on board, whereas one ton of oil re- 
siduals occupies 39*2 cubic feet. By means of liquid fuel; 
therefore, the sphere of action of a torpedo boat can be nearly 
doubled. 

(5) The more perfect combustion of liquid fuel prevent? 
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the formation of residuals and smoke. Consequently, ashes 
and cinders do not occur, and the furnaces need not be 
cleaned, nor need the flues be swept. The first circumstance 
is of the greatest importance with regard to torpedo boats, 
which generally have only one furnace, the grates of which 
after a six hours' coal-fire, at most after ten, are covered 
with clinker. It then becomes imperative to clean the grates 
if the steam pre3sure and speed are to be kept up. Such a 
cleaning is not, however, easily accomplished. The grate 
surface is generally about 6 feet 7 inches square, on which 
during ten hours about 8 tons of coal have been burned, 
leaving, even under favourable conditions, at least 175 lbs. to 
225 lbs. of clinker. Besides, during the operation of 
cleaning, the boat must lose a considerable amount of speed 
owing to arrested evaporation. A further loss of speed is 
incurred by the attachment of "swallows' nests" (rings) to 
the mouths of the tubes, and as the grates must be cleared at 
short intervals — especially if the journey be rapid, for the 
grates cannot be kept free of clinker — it is clear that a vessel 
chasing a torpedo boat may easily overtake it without 
attaining as great a speed as the latter, for her fires can be 
cleaned at each watch, and she need not therefore lose so 
much speed. If the torpedo boat, however, should bum 
liquid fuel instead of coal it can go on for days without rest 
or loss of speed, and must necessarily distance any larger 
craft chasing it. But there are two other important factors 
that have never been taken into consideration. The first 
is the advantage that is derived from doing away with the 
very cumbersome and exceedingly filthy process of throwing 
the ashes and cinders overboard, which is indeed quite imprac- 
ticable during action ; and the second, the immunity from ex- 
posure to a singeing of clothes and body by sparks and 
cinders flying out of the short funnel, when the speed is at 
all rapid. People who have been any time on board a 
torpedo boat can scarcely have a very pleasant recollec- 
tion of their experience. On the other hand, the abolition 
of smoke is of the greatest tactical importance. The tor- 
pedo boat that does not betray itself by a column of smoke 
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is very difficult to discover on the horizon, and will, therefore, 
have an enormous advantage, as it will itself be able to 
distinguish all larger vessels by their smoke columns. How 
these masses of smoke issuing from the chimneys, even 
though the best coal be used, betray the movements of 
vessels when a sudden incre.ase of speed is laid on and 
artificial draught applied, English naval authorities have had 
brought home to them during the recent naval manoeuvres. 
As, however, a sudden stoppage of the air current will 
produce enormous dense smoke columns in cases where 
liquid fuel is used. Captain Curtis, R.N.,* has suggested 
that this circumstance should be utilised with a view to 
establishing a code of smoke signals for long distances, 
on the Morse system. 

(6) The improved ventilation of the firing space, which is 
said to be caused by the admixture of air in the sprinkler, 
and also by the fewer rays of heat According to Tweddell,t 
if one goes below into the engine room when the thermo- 
meter is 104° Fah. in the shade, an increase of temperature 
as compared to that on deck is scarcely noticeable when oil 
is the fuel ; whereas with the coal fires^ with natural draught, 
the temperature . rises under similar conditions to 131° 
and 149° Fah. Besides, in the former case the stokers need 
not exert themselves at all, whereas where coals are used they 
have to work very hard, and must come on deck every few 
minutes to get a breath of air. For tropical climates, there- 
fore, liquid fuel is strongly to be recommended. 

(7) The greater manoeuvring capacity of the engines, which 
is attained by the possibility of suddenly increasing, reducing, 
or stopping the fire. In the case of coal fires, if it be desired 
suddenly to shut off the steam, and the safety valve is not to 
be used, the fire and smoke-box doors have to be opened, and 
the cold air must be admitted directly into the boiler, which 
is exceedingly bad for the latter. Further, a considerable 
time must elapse before a fire thus extinguished can be made 

* * Journal* Royal United Service Institution, May, 1885, p. 696. 
t * Verhandlung des Vereins zur Beforderung des Gewerbfleisses,* 1887, p. 
546. 
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to burn again. But both can be quickly accomplished in the 
case of sprinklers by simply closing or opening the steam 
and oil valves. 

(8) The longer life of the boilers, which is chiefly to be 
ascribed to the fact that the fire-doors need only be seldom 
opened, and consequently the entrance of cold air into the 
furnace and the resultant cooling of the boiler-plates is 
completely avoided. It is perhaps of less importance that 
mineral oils contain no sulphur,* and that consequently the 
plates of the fire-box are not so severely taxed as in the 
case of coal, the sulphur of which, owing to the formation of 
sulphurous acid, acts destructively on the iron. 

(9) The ease and exactitude with which thfe oil can be 
measured when it is taken on board, as well as when it is 
being burned, should silence complaints of short weight in 
coals which one hears so frequently now, and should also 
insure a better verification of the consumption of fuel during 
trial. Those advantages, of which 3, 4, and 5, are the most 
brilliant, must be considered in connection with certain dis- 
advantages which the use of liquid fuel entails, and which 
cannot be passed over. These are : — 

(i) The erection of oil tanks and supply pipes in the place 
of existing coal stations, so as to insure the rapidity of taking 
oil on board alluded to above. These oil stations need not be 
so numerous, however, as the coal stations, because steamers 
burning oil do not require fuelling so frequently as those 
that use coal. The cost of erection and maintenance of such 
stations with good oil-tight iron trucks, with pumping ma- 
chinery for filling as well as a system of supply pipes for 
emptying them, by means of which as many vessels may be 
served at one and the same time as feasible, would probably 
not exceed the expenditure on coal stations, which must be 
provided with sheds in good repair, landing jetties, tipping 
appliances, &c. The staff of workmen, on the other hand, 
would be remarkably small at an oil station, as compared 
with the number required at a coal station, for the trans- 

* * Journal' of the Royal United Service Institution, May 1885, p. 697. 
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mission of oil can be worked mechanically, whereas the trans- 
port of coal must of necessity entail a great deal of manual 
labour. If the tactical advantages of liquid fuel be considered 
of sufficient importance, the slight additional expenditure in 
oil stations will not stand in its way. 

(2) The loud noise occasioned by sprinklers, which is 
exceedingly inconvenient in the case of passenger steamers, 
would be downright fatal for torpedo boats. If it is realised* 
however, that this noise, according to d'AUest's experiments, 
resembles strongly that of a large fan, and as the fan engines 
fitted to torpedo boats which use artificial air currents do not 
work particularly noiselessly, it will be admitted that the 
difference is not very great Besides, a torpedo boat making, 
a night attack would travel very slowly so as to avoid all 
possible noise, and a sprinkler worked with a pressure of 
o*S atmosphere makes very little noise indeed, according to 
French experiments ; and it is very probable that even this 
slight noise would be lost in the general noise of the pumps 
and engines. 

(3) The combustibility of oil, which might occasion an 
explosion in the event of a shell hitting the tanks. This 
objection may be met by the statement that the oil can be 
easily stored under the water-line, where it would be com- 
paratively safe ; besides which it will yet have to be proved 
whether oil in a tank is really likely to ignite if pierced by 
the splinter of a shell. Of course all idea of getting pro- 
tection out of the oil tanks, as in the case of coal bunkers, 
must be relinquished ; but this sacrifice is not so great as 
would at first appear. The very thin bunker walls, and the 
far from thick layer of coal that surround the boiler at present, 
can scarcely be seriously regarded as much protection against 
the penetrating power of modern projectiles «.nd shells. Nor 
should we forget that Admiral Selwyn is not in favour of 
using oil that has a lower specific gravity than from i '050 to 
I '060, therefore possessing a higher specific gravity than sea 
water — 1*026. The advantages of such oil are self-evident. 
The dense, heavy oil is less easily ignited, contains no 
volatile gases, and bums more economically on account of its 
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density than thin oil, and does not flow off into the sea at 
once as soon as the tank under water-line has been pierced by a 
projectile, as is the case with the lighter oils. The remaining 
oil could in such circumstances be still used for fuel, while 
the water that had entered through the aperture made by the 
projectile could be allowed to ,remain floating on the top ; 
and as it would be lighter than the oil it had replaced, the 
buoyancy of the vessel would be increased instead of being 
reduced. A coal bunker that has been riddled must, on the 
other hand, be instantly shut off"; its contents are no longer 
of any use, and the water that enters it reduces the buoyancy 
of the vessel. 

(4) The very small number of oils which can be used as 
fuel. If estimated at a maximum, the annual output of all 
the natural oil of the world amounts to about six millions of 
tons of mineral oil, three-quarters of a million tons of tar oil, 
and a quarter of a million tons of slate or shale oil — altogether 
seven million tons. Modem industry, which transforms these 
into liquid fuel, lubricating oils, benzol, paraffin, &c., cannot 
spare them ; at most it can leave us about 20 per cent, of the 
original weight in residuals, which, however, would only 
represent a fifth part of the fuel required annually by the 
steam navigation of the world. On the other hand, the latter 
absorbs about a thirty-third of the annual output of 400 
million tons of coal of the world, or 12 million tons. 

(5) The enormous cost of liquid fuel at present is, how- 
ever, the rock on which all attempts at introducing its use 
more widely in merchant vessels must founder. According 
to the present prices of coal and oil residuals, the latter, 
notwithstanding their higher power of evaporation, are about 
three times as dear as coal. The saving in stokers, the 
cheapness of loading, and the other enumerated advantages, 
do not materially alter their proportion. Not until new 
oilfields have been discovered, cheaper methods of transport 
introduced, and oil residuals brought down in price to about 
double that of coal, will it be at all possible for them to 
compete with the latter in Western Europe. Whether such a 
competition could last very long even then is very doubtful 
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in view of the experience we have had in the rise of the price 
of oil in England as soon as its general adoption for steam 
propulsion seemed probable, necessitating a return to coal. Of 
course, the war navies, which are not so dependent on prices 
as the merchant marine, will reserve their verdict until they 
see, after the termination of the experiments still going on in 
England, Russia, and France, whether the much vaunted 
tactical superiority of oil over coal is justified by the result. 
Should this be the case, as is probable, these nations, and 
perhaps the United States, will possibly introduce liquid fuel 
on their torpedo boats. Further, liquid fuel, if Laval's experi- 
ments prove to be practicable, will very probably be adopted 
for submarine vessels to an important extent ; and finally, it 
is very possible, as indeed has been the case recently in North 
America, that liquid fuel will find adopters among the pro- 
prietors of pleasure yachts, for in all these cases economy is 
only a secondary consideration. 

The question whether the economical interests of Germany 
would make a more universal adoption of liquid fuel desir- 
able must be answered in the negative. The condition of 
the very extensive but exceedingly depressed German coal 
trade would probably become more deplorable if German 
steamers were all gradually to adopt liquid fuel. 

The German navy will have to await the adoption of liquid 
fuel for torpedo boats in foreign countries without following 
suit, for the simple reason that native oil, under existing cir- 
cumstances, could be obtained only at an enormous increase 
of cost, and in inadequate quantities ; and the purchase of oil 
from foreign countries would involve great expenditure in oil- 
stations, and wouljl place the Government at the mercy of a 
foreign Power in the event of war. 

Russia and the United States, on the other hand, who are 
largely blessed with mineral oil, and England, which could 
easily procure a shale oil at a reasonable price from its own 
bituminous slate clay, have every reason to seriously consider 
the adoption of liquid fuel by their navies, especially now that 
its technical adaptability has been clearly demonstrated. If 
France should adopt liquid fuel, although it has but a few 
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important oil wells in the Sevennes, near Pezenas, and in the 
department of H^rault, the reason for this may be found in 
the fact that the coal seams of France might, in the event of 
a war, prove inadequate for the demands of her railways and 
fleet, as the mobilisation of the 17th Army Corps is said to 
have proved. France would, therefore, be wise to provide 
an important section of her fleet, the torpedo boats, with 
furnaces for liquid fuel. From whence the French are going 
to get their liquid fuel it is impossible to say. In the mean- 
time d'AUest sfeems to promise us an answer at a future 
period. 

We cannot do better than conclude this treatise by repeating 
the moderate and pregnant words of Mr. Carew, quoted in our 
introductory chapter at p. 3 : " We must look for the best 
results from petroleum, both economically and technically, in 
those uses where the improved product of the manufactured 
article, more than counterbalances the difference in price of 
the two kinds of fuel." 
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Remarks. 



19. 



I lb. of oil evaporated on the 
average ii'83 lbs. of feed- 
water, or 13*65 lbs. of water 
at 212° Fahr. 



I lb. of oil evaporated on the 
average 11*33 ^^s. of feed- 
water, or 13*25 lbs. of water 
at 212°, 



I lb. of briquettes evaporated 
on the average 8 '06 lbs. of 
feed- water, or 9*28 lbs. of 
water at 212°. 



I lb. of coal evaporated on the 
average 6*32 lbs. of feed- 
water, or 7*54 lbs. of water 
at 212^. 
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Aydon, Wise, and Field's sprinkler, 50 

Best results from petroleum, 3 

Bidle's furnace, 1 2 

Blythe's furnace, 27 
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fuel, ^^ 
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Brandt's sprinklers, 38, 44 
Brass-melting fires, 117 
Brick-burning by oil, 109 
BuUard's improved sprinkler, 43 

Chatham experiments for heating armour plates, 29 
Chevrette {la\ French Admiralty experiments on board, 7 1 
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Eame's process for the manufacture of iron, 1 14 
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Explosions on board ship, precautions against, 92 
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Field's sprinkler, 50 

Foote's furnace, 24 

French Admiralty experiments, 71 
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Lenz's sprinkler, 32 
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Nozzle-sprinklers, 50 

Oberon, experiments of Selwyn on board H.M.S., 52 
Oil bunkers, construction of, 87 

stations necessitated, 123 
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Ostberg's furnace, 13 

Output of natural oil of the world estimated, 125 

Pan-furnaces, ii 
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Price of oils, 9, 125 
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Sadler's sprinkler, 65 

St. Claire-Deville's furnace, 15 
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Sprinklers, deposit prevented with, 83 
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methods of working, 78 

noise of, with compressed air, 82, 124 

obstacles to be overcome in using, 78 

raising steam with, 78 

Steam consumption of pipe-sprinklers, 48 

generated by boiler on Nobel's system, 46 

Step-furnaces, 13 

Stokers, reduction of, 119 

Storage of liquid fuel on board ship, 2>7f 119 

Superheated steam for sprinklers, 81 
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Urquhart's sprinklers, 58 

Ventilation of firing space, 122 
Verstraet*s furnace^ 21 

Wagenknecht's furnace, 17 

Walker furnace, 5 ^ 

Weight, difference of, in ships using liquid fuel, 84 

Wise's sprinkler, 50 

Wittenstrom's furnace, 83 

Woolwich experiments with armour plate bending by liquid fuel, 113 



ERRATA. 

Page 76, line 18 from top, after " water " insert an asterisk, and at the bottom 
of the page the following footnote : "See Appendix II." 

Pages 76 and 77, for " Thomeycroft '* read * * Thomycroft. " 
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required by Gas Works— Technical Gas Analysis — Gas Referees' Instructions, etc. etc. 

Gas and Oil Engines. — Gas, Gasoline and Oil 

Vapour Engines : a New Book Descriptive of their Theory and Power, 
illustrating their Design, Construction and Operation for Stationary, 
Marine and Vehicle Motive Power. Designed for the general informa- 
tion of every one interested in this new and popular Prime Mover. By 
G. D. Hiscox, M.£. Numerous engravings, ovo, cloth, I2x. dd. 

Gas Engines. — A Practical Handbook on the 

Care and Management of Gas Engines, By G. LiECKFELD, C.E. 
Authorised Translation by G. Richmond, M.E. With instructions for 
running Oil Engines. i6mo, cloth, 3^. dd. 

Gas Engineering. — Manual for Gas Engineering 

Students, By D. Lee. i8mo, cloth, \s. 

Gas Works. — Gas Works: their Arrangement, 

Construction, Plant, and Machinery. By F. Colyer, M. Inst C.E. 
WUh z\ folding plates, 8vo, doth, I2j. dd. 

Gold Mining. — Practical Gold-Mining ; a Com- 
prehensive Treatise on the Origin and Occurrence of Gold-bearing Gravels, 
Rocks and Ores, and the Methods by which the Gold is extracted. By 
C. G. Warnford Lock, co- Author of * Gold : its Occurrence and Extrac- 
tion.' With 8 plates and 275 engravings in the text, 788 pp., royal 8vo, 
cloth, 2/. 2J. 

Graphic Statics. — TheElements of Graphic Statics. 

By Professor Karl Von Ott, translated from the German by G. S. 
Clarke, Capt R.E., Instructor in Mechanical Drawing, Royal Indian 
Engineering College. WUh 93 illustrations, crown 8vo, doth, Sj. 

Graphic Statics. — The Principles of Graphic 

Statics, By George Sydenham Clarke, Capt. Royal Engineers. 
WUh 112 illustrations. Third edition, 4to, doth, lar. 6d. 
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Graphic Statics. — A New Method of Graphic 

StatieSy applied in the constrnction of Wrought-Iron Girden, practically 
illustrated by a series of Working Drawings of modem type. By 
Edmund Olander, of the Great Western Railway, Assoc Mem. Inst. 
C.E. Small folio, cloth, lor. dd. 

Heat Engine. — Theory and Construction of a 

Rational Heat Motor, Translated from the German of Rudolf Diesel by 
Bryan Donkin, Mem. Inst. C.E. Numerous cuts and plates ^ 8vo, doth, 6j. 

Hot VJ^t^T.—Hot Water Supply: a Practical 

Treatise upon the Fitting of Circulating Apparatus in connection with 
Kitchen Range and other Boilers, to supply Hot Water for Domestic and 
General Purposes. With a Chapter upon Estimating. By F. Dye. 
With illustrations^ crown 8vo, cloth, 3/. 

Hot Water. — Hot Water Apparatus: an Ele- 
mentary Guide for the Fitting and Fixing of Boilers and Apparatus for 
the Circulation of Hot Water for Heating and for Domestic Supply, and 
containing a Chapter upon Boilers and Fittings for Steam Coolung. By 
F. Dye. 32 illustrations^ fcap. 8yo, doth, is, 6d, 

Household Manual. — Spons' Household Manual : 

a Treasury of Domestic Receipts and Guide for Home Management. 
Demy 8vo, cloth, containing 975 pages and 250 illustrations^ price *js, 6d. 

PRINCIPAL contents: 
Hints for selecting a good House — Sanitation — ^Water Supply — Ventilation and Warming 



-Lighting — Furniture and Decoration — ^Thieves and Fire — ^j^ie Larder — Curing Foods for 
engUiened Preservation— The Dairy— The Cellar— The Pantry— The Kitchen— Receipts for 
)isKes— The Housewife's Room— Housekeeping. Marketing— The Dining-Room— The 
Drawing-Room— The Bedroom— The Nursery— The Sick-Room— The Bath-Room— The 



Laundry— The School-Room— The Playground— The Work-Room— The Library^The 
Garden — The Farmyard — Small Motors— Household Law. 

House Hunting. — Practical Hints on Taking a 

House, By H. Percy Boulnois, Mem. Inst. C.E., City Engineer, 
Liverpool, Author of * The Municipal and Sanitary Engineer's Hand- 
book,* * Dirty Dustbins and Sloppy Streets,* &c iSmo, doth, is, 6^. 

Hydraulics. — Simple Hydraulic Formula. By 

T. W. Stone, C.E., late Resident District Engineer, Victoria Water 
Supply. Crown 8vo, cloth, ^, 

Hydraulic yi^chin^Ty.— Hydraulic Steam and 

Hand-Power Lifting and Pressing Machinery, By Frederick Colyer, 
M. Inst C.E., M. Inst M.£. Second edition, revised and enlarged. With 
88 plates, 8vo, cloth, 28x. 

Hydraulic Machinery. — Hydraulic Machinery, 

With an Introduction to Hydraulics. By Robert Gordon Blaine, 
Assoc. M. Inst C.E., &c. With 272 illustrations, 383 pp. 8vo, cloth, 14J. 
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Hydraulic Motors. — Water or^ Hydraulic Motors, 

By Philip R, Bjorling. With 206 illustrations, crown 8vo, doth, 91.' 

CONTENTS : 
z. Introduction— a. Hydraulics relating to Water Motors— 3. Water-wheels— 4. Brea.«t 
Water-wheels — 5. Overshot and High-breast Water-wheels— 6. Pelton Water-wheels— 7. 
General Remarks on Water-wheels — 8. Turbines— o. Outward-flow Turbines — 10. Inward- 
flow Turbines — zz. Mixed-flow Turbines — la. Psirallel-flow Turbines— 13. Circumferential- 
flow Turbines — 14. Regulation of Turbines — Z5. Details of Tiurbines— 16. Watei^ressture or 
Hydraulic Engines — Z7. Reciptrocating Water-pressure Engines— 18. Rotative Water- 

S'essure Engines — zo. Oscillating Water-pressure Engines — 20. Rotary Water-pressure 
ngines— sz. General Remarks and Rules for Water-pressure Engines — 92. Hydrauhc Rams 
— 23. Hydraulic Rams without Air Vessel in Direct Communication with the Drive Pipe — 
24. Hydraulic Rams vath Air Vessel in Direct Communication with the Drive Pipe — 25. 
Hydraulic Pumping Rams— 26. Hydraulic Ram Engines — 27. Details of Hydraulic Rams — 
38. Rules, Formulas, and Tables for Hydraulic Rams — 29. Measuring Water in a Stream 
and over a Weir — Index. 

Hydropathic Establishments. — The Hydro- 
pathic Establishment and its Baths, By R. O. Allsop, Architect. 
Author of * The Turkish Bath.' Illustrated with plates and sections, 8vo, 
cloth, 5j. contents I 

General Considerations— Requirements of the Hydropathic Establishment — Some existing 
Institutions— Baths and Treatments and the arrangement of the Bath-House — ^Vapour Baths 
and the Russian Bath — The Douche Room and its apnliances— Massage and Electrical 
Treatment— Pulverisation and the Mont Dore Cure — Innalation and the Pine Cure— The 
Sun Bath. 

Ice Making. — Theoretical and Practical Ammonia 

Refrigerationy a work of Reference for Engineers and others employed in 
the management of Ice and Refrigeration Machinery. By Iltyd L. 
Redwood, Assoc. Mem. Am, Soc of M.E., Mem. Soc. Chemical Indus- 
try. With 2^ pages of tdbles. Square i6mo, cloth, 4f. 6d, 

Indicator. — Twenty Years with the Indicator. By 

Thomas Pray, Jun., C.E., M.E., Member of the American Society .of 
Civil Engineers. With illustrations, royal 8vo, cloth, lOf. dd. 

Indicator. — A Treatise on the Richards Steam- 

Engine Indicator and the Development and Application of Force in the 
Steam- Engine. By Charles T. Porter. With illustrations. Fourth 
edition, revised and enlarged, 8vo, cloth, 9J. 

Induction Coils. — Indvction Coils and Coil 

Making : a Treatise on the Construction and Working of Shock, Medical 
and Spark Coils. By F. C. Allsop. Second edition, with 125 illustra- 
tions, crown 8vo, cloth, 3/. dd. 

Iron. — The Mechanical and other Properties of Iron 

and Steel in connection with their Chemical Composition, By A. VosBfASR, 
Engineer. Crown Svo, cloth, dr. 

contents : 
The metalliugical behaviour of Carbon with Iron and Steel, also Manganese— Silicon- 
Phosphorus — Sulphur — Copper— Chromium — Titanium— Tungsten— 'Aluminium— Nickel— 
Cnbalt— Arsenic— Analyses of Iron and Steel, &c. 
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Iron Manufacture. — Roll- Turning for Sections in 

Steel and Iron^ working drawings for Rails, Sleepers, Girders, Bulbs, 
Ties, Angles, &c., also Blooming and Cogging for Plates and Billets. 
By Adam Spencer. Second edition, with 78 large plates. Illustrations 
of nearly every class of work in this Industry. 4to, doth, l/. lox. 

Locomotive. — The Construction of the Modem 

Locomotive, By George Hughes, Assistant in the Chief Mechanical 
Engineer's Department, Lancashire and Yorkshire Railway. Numerous 
engravings^ 8vo, cloth, 9J. 

CONTENTS : 
The Boiler- The Foundry— the Use of Steel Castings— Brass Foundry— The Forge- 
Smithy, including Springs— Coppersmiths' Work— ^The Machine Shop— Erecting. 

Lime and Cement. — A Manual of Lime and 

Cement^ their treatment and use in construction. By A. H. Heath. 
Crown 8vo, doth, dr. 

Liquid Fuel. — Liquid Fuel for Mechanical and 

Industrial Purposes, Compiled by E. A. Brayley Hodgetts. With 
wood engravings. 8yo, cloUi, 5j. 

Machinery Repairs. — The Repair and Mainten- 
ance of Machinery ; a Handbook of Practical Notes and Memoranda for 
Engineers and Machinery Users. By T. W. Barber, C.E., M.E., 
Author of * The Engineers* Sketch Book.' . With about 400 illustrcUions^ 
8vo, cloth, lox. dd. 

Mechanical Engineering. — Handbook for Me- 
chanical Engineers, By Henry Adams, Professor of Engineering at 
the City of London College, Mem. Inst C.E., Mem. Inst M.E., &c. 
Fourth edition, revised and enlarged. Crown 8vo, cloth, Js, 6d, 

CONTENTS : 
Fundamental Principles of Mechanics — Varieties and Properties of Materials — Strength 
of Materials and Structures — Pattern Making — Moulding and Founding— Forging, Welding 
and Riveting — Workshop Tools and General Machinery — Transmission of Power, Friction 
and Lubrication — ^Thermodynamics and Steam — Steam Boilers — ^The Steam Engine— Hy- 
draulic Machinery^— Electrical Engineering — Sundry Notes and Tables. 

Mechanical Engineering. — The Mechanician : 

a Treatise on the Constructidn and Manipulation of Tools, for the use and 
instruction of Young Engineers and Scientific Amateurs, comprising the 
Arts of Blacksmithing and Forging ; the Construction and Manufacture 
of Hand Tools, and the various Methods of Using and Grinding them ; 
description of Hand and Machine Processes ; Turning and Screw Cutting. 
By Cambron Knight, Engineer. Containing 1147 illustrations ^ and 
397 PAges of letter-press. Fourth edition, 4to, doth, iSj. 
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Mechanical Movements. — The Engineers^ Sketch- 

Book of Mechanical Movements^ DeinceSy Appliances, Contrivances, Details 
employed in the Design and Construction of Machinery for every purpose. 
Collected from numerous Sources and from Actual Work. Classified and 
Arranged for Reference. With 2600 Illustrations, By T. W. Barber, 
Engineer. Third edition, 8vo, cloth, ioj. 6d, 

Metal Plate ^ork.— Metal . Plate Work: its 

Patterns and their Geometry. Also Notes on Metals and Rules in Men- 
suration for the use of Tin, Iron, and Zinc Plate-workers, Coppersmiths, 
Boiler-makers and Plumbers. By C. T. MiLLis, M.I.M.E. Second 
edition, considerably enlarged. With numerous illustrations. Crown 
8vo, cloth, 9J. 

Metrical 1^\&^.— Metrical Tables. By Sir G. L. 

MoLESWORTH, M.I.C.E. Third edition, rerised and enlarged, 32mo, 
cloth, 2X. 

Mill-Gearing. — A Practical Treatise on Mill-Gear- 

ingy Wheels, Shafts, Riggers, etc, ; for the use of Engineers. By Thomas 
Box. Third edition, with 11 plates. Crown 8vo, cloth, "js. 6d. 

Mill - Gearing. — The Practical Millwright and 

Engineer's Ready Reckoner; or Tables for finding the diameter and power 
of cog-wheels, diameter, weight, and power of shafts, diameter and 
strength of bolts, etc By Thomas Dixon. Fourth edition, i2mo, 
cloth, 3J. 

Mineral Oils. — A Practical Treatise on Mineral 

Oils and their By- Products, including a Short History of the Scotch Shale 
Oil Industry, the Geological and Geographical Distribution of Scotch 
Shales, Recovery of Acid and Soda used in Oil Refining, and a list of 
Patents relating to Mineral Oils. By Iltyd I. Redwood, Mem. Soc. 
Chemical Industry. 8vo, cloth, 15^. 

Miners' Pocket-Book. — Miners Pocket-Book ; a 

Reference Book for Miners, Mine Surveyors, Geologists, Mmeralogists, 
Millmen, Assayers, Metallurgists, and Metal Merchants all over the 
world. By C. G. Warn ford Lock, author of * Practical Gold Mining,* 
* Mining and Ore-Dressing Machinery,' &c. Second edition, fcap. 8vo, 
roan, gilt edges, \2s, 6d, 

CONTENTS : 
Motive Power — Dams and Reservoirs — Transmitting Powet^— Weights and Measures — 
Prospecting — Boring — Drilling— Blasting — Explosives — Shaft Sinking — Pumping— Venti- 
lating— Lighting — Coal Cutting — Hauling and Hoisting — Water Softening*— Stamp Batteries 
— Crushing Rolls — Jordan's Centrifugal Process — River Mining — Ore Dressing — Gold, Silver, 
Copper Smelting— Treatment of Ores — Coal Cleaning — Mine Surveyine^— British Rocks— 
Geological Maps— Mineral Veins — Mining Methods — Coal Seams— Minerals— Precious 
Stones — Metals and Metallic Ores — Metalliferous Minerals— Assaying — Glossary^— List of 
Useful Books— Index, &c., &c., &c. 
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Mining and Ore-Dressing Machinery. — By 

C. G. Warnford Lock, Author of ' Practical Gold Mining.' Numerous 
illustrations^ super-royal 4to, cloth, 25^. 

Mining. — Economic Mining ; a Practical Hand- 
book for the Miner, the Metallurgist, and the Merchant By C. G. 
Warnford Lock, Mem. Inst, of Mining and Metallurgy, Author of 
' Practical Gold Mining.' With illustrations^ 8vo, cloth, 21 j. 

Municipal Engineering. — The Municipal and 

Sanitary Engineer's Handbook, By H. Percy Boulnois, Mem. Inst. 
C.E., Borough Engineer, Portsmouth. With numerous illustrations. 
Third edition, re-written, demy 8vo, cloth, 15J. 

contents : 

The Appointment and Duties of the Town Surveyor— Traffic— Macadamised Roadway*-' 
Steam Rollmg— Road Meul and Breaking — Pitched Pavements— Asphalte — Wood Pavements 
—Footpaths — Kerbs and Gutters — Street Naming and Numbering^Street Lighting — Sewer- 
ages-Ventilation of Sewers— Disposal of Sewage— House Drainage— Disinfection— Gas and 
Water Companies, etc., Breaking up Streets — Improvement of Private Streets — Borrowing 
Powers — Artisans' and Labourers' Dwellings— Public Conveniences— Scavenging, including 
Street Qeansing— Watering and the Removing of Snow— Planting Street Trees— Deposit of 
Phms— Dangerous Bi^ildings— Hoardings— Obstructions — Improvmg Street Lines— Cellar 
Openings— PubUc Pleasure Grounds— Cemeteries— Mortuaries — Cattle and Ordinary Market» 
— Public Slaughter-houses, etc.— Giving numerous Forms of Notices, Specifications,, and 
Genersd Information upon these and other subjects of great importance to Mtmidpal Engi 
neers and others engaged in Sanitary Work. 

Paints. — Pigments^ Paint and Painting. A 

Practical Book for Practical Men. By George Terry. With iUus- 
trationSf crown 8vo, cloth, ^s, 6d, 

Paper Manufacture. — A Text-Book of Paper- 

Making, By C. F. Cross and E. J. Bevan. With engravings^ crown 
8vo, cloth. New edition in the press. 

Perfumery. — Perfumes and their Preparation. 

containing complete directions for making Handkerchief Perfumes, 
Smelling Salts, Sachets, Fumigating Pastils, Preparations for the care of 
the Skin, the Mouth, the Hair, and other Toilet articles, with a detailed 
description of aromatic substances, their nature, tests of purity, and 
wholesale manufacture. By G. W. AsKiNSON, Dr. Chem. With 32 
engravings^ 8vo, cloth, I2j, 6^. 

Perspective. — Perspective^ Explained and Illus- 
trated, By G. S. Clarke, Capt R.E. With illustrations^ Svo, cloth. 

Phonograph. — The Phonography and How to Con- 
struct u. With a Chapter on Sound. By W. Gillett. With engravings 
and full working drawings^ crown 8vo, cloth, 5^. 
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Popular Engineering- — Popular Engineering, 

being interesting and instructive examples in Civile Mechanical^ Electrical, 
Chemical, Mining, Military and Naval Engineering, graphically and 
plainly described, and specially written for those about to enter the 
Engineering Profession and the Scientific Amateur, with chapters on 
Perpetual Motion and Engineering Schools and Colleges. By F. Dye. 
With 700 illtutraiions, crown 4to, doth, ^s, 6d. ' 

Plumbing. — Plumbings Drainage, Water Supply 

and Hot Water Fitting. By John Smeaton, C.E., M.S.A., R.P., 
Examiner to the Worshipful Plumbers' Company. Numerous engravings, 
8vo, cloth, 7j. 6</. 



Pumping Engines. — Practical Handbook on 

Direct-Dieting Pumping Engine and Steam Pump Construction, By 
Philip R. BjOrling. With 20 plates, crown 8vo, cloth, 5j. 



Pumps. — A Practical Handbook on Pump Con- 
struction, By Philip R. Bjorling. Plates, crown 8vo, cloth, 5^. 

CONTENTS : 
Principle of the action of a Pump— Classification of Pumps— Description ot various 
classes ot Pumps — Remarks on designing Pumps— Materials Pumps should be made of for 
different kinds of Liquids— Description of various classes of Pump-valves— Materials Pump- 
valves should be made of for diffvent kinds of Liquids— Various Classes of Pumi>-bucket»— 
On designing Pump-buckets— Various Classes of Pump-pistons — Cup-leathers— Air^essels— 
Rules and Formulas, &c, &c. 

Pumps. — Pump Details. With 278 illustrations. 

By Philip R. Bjorling, author of a Practical Handbook on Pomp 
Construction. Crown 8vo, doth, 7x. 6df. 

CONTENTS : 
Windbores — Foot- valves and Strainers — Clack-pieces, Budcet-door-pieces, and H "pieces 
Working-barrels and Plunger-cases — ^Plungers or Rams— Piston and Plungerp Bucket and 
Plunger, Buckets and Valves — Pump-rods and Spears, Spear-rod Guides, &c— Valve-swords, 
Spindles, and Draw-hooks — Set-offs w Off-sets — Pipes, Pipe-joints, and Pipe-stays — Pump- 
shngs— Guide-rods and Guides, Kites, Yokes, and Connecting-rods — L Bobs, T Bobs, 
Anele or V Bobs, and Balance-beams, Rock-arms, and Fend-off Beams, Cisterns, and Tanks 
—Minor Details. 

Pumps. — Pumps and Pumping Machinery. By 

F. CoLYER, Mem. Inst. C.E., Mem. Inst. M.E. Part L, second edition, 
revised and enlarged, with ^opiates, 8vo, cloth, i^ &r. Part II., I2x. (id. 

CONTENTS : 
Three-dirow Lift and Well Pumps— Tonkin's Patent "Cornish" Steam Pump— Thome- 
will and Warham's Steam Pump — Water Valves — Water Meters — Centrifiigal Pumping 
Machinery— Airy and Anderson's Spiral Pumps — Blowing Engines — ^Air Compressors — 
Horizontal High^ressure Ei^ines-'Horizontal Compound Engines — Reidler Engine — Ver 
tical Compound Pumping Engines— Compound Beam Pumping Engines — Shonheyder'^ 
Patent Regulator— Comisn Beam Engines— Worthington High-duty Pumping Engine- 
Davy's Patent Differential Puminng Engine— Tonkin's Patent Pumping Engine — Lancashire 
Boiler— Babcock and Wilcox Watei^tube Boilers. 
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Pumps. — PumpSy Historically y Theoretically ^ and 

Practically Considered. By P. R. BjoRLlNG. With 156 iUustroHons. 
Crown 8vo, cloth, yj. (id. 

Quantities. — A Complete Set of Contract Documents 

for a Country Lodge, comprising Drawings, Specifications, Dimensions 
(for quantities), Abstracts, Bill of Quantities, Form of Tender and Con- 
tract, with Notes by T. Leaning, printed in facsimile of the original 
documents, on single sheets fcap., in linen case, 5^. 

Quantity Surveying. — Quantity Surveying. By 

J. Leaning. With 68 illustrations. Third edition, revised, demy Svo, 
doth, 1 5 J. 

CONTENTS : 
A complete Explanation of the London I Schedule of Prices. 

Practice. Form of Schedule of Prices. 

General Instructions. Analysis of Schedule of Prices. 

Order of Taldng Off. Adjustment of Accounts. 

Modes of Measiuemeni of the various Trades. ! Form of a Bill of Variations. 
Use and Waste. ; Remarks on Specifications. 

Ventilation and Warming, _ | Prices and Valuation of Work, wit) 

Examples and Remarks upon eadi Trade. 
The Law as it affects Quantity Surveyors 

with Law Reports. 
Taking Off after the OM Mediod. 
Northern Practice. 

The General Statement of the Method.* 
recommeaded by the Manchester Society 
of Architects for taking Quantities. 
Examples of Collections. 
Examples of " Taking Off" in each Trade. 



Credits, with various Examples of Treatment 

Abbreviations. 

Squaringi the Dimensions. 

Abstracting, with Examples in illustration of 

each Trade. 
Billing. 

Examples of Preambles to each Trade. 
Form for a Bill of Quantities. 

Do Bill of Credits. 

Do. Bill for Alternative Estimate. . 

Restorations and Repairs, and Form of BiU. ' Remarks on the Past and Present Methods 
Variations before Acceptance of Tender. ^ of Estimating. 

Errors in a Builder's Estimate. i 

Railway Curves. — Tables for Setting out Curves 

for Railways, Canals, Roads, etc, varying from a radius of five chains 
to three miles. By A. Kennedy and R. W, Hackwood. Illustrated, 
32mo, cloth, 2s. 6d, 

Roads. — The Maintenance of Macadamised Roads, 

By T. Codrington, M.I.C.E., F.G.S., General Superintendent of 
County Roads for South Wales. Second edition, Svo, cloth, 7x. dd. 

Scamping Tricks. — Scamping Tricks and Odd 

Knowledge occasionally practised upon Public Works, chronicled from the 
confessions of some old Practitioners. By John Newman, Assoc. M. 
Inst. C.E., author of * Earthwork Slips and Subsidences upon Public 
Works,' * Notes on Concrete,' &c Crown Svo, cloth, zs, 6d, 

Screw Cutting. — Turners Handbook on Screw 

Cutting, Coning, etc., etc., with Tables, Examples, Gauges, and 
Formidae. By Walter Price. Fcap. Svo, cloth, is. 
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Screw Cutting. — Screw Cutting Tables /or En- 

gineers and Machinists^ giving the values of the difierent trains of Wheels 
required to produce Screws of any pitch, calculated by Lord Lindsay. 
Oblong, cloth, %s. 

Screw Cutting. — Screw Cutting Tables^ for the 

use of Mechanical Engineers, showing the proper arrangement of Wheels 
for cutting the Threads of Screws of any required pitch, with a Table for 
making the Universal Gas-pipe Threads and Taps. By W. A. Ma&tin, 
Engineer. Second edition, oblong, cloth, is. 

Sewerage. — Sewerage and Sewage Disposal. By 

Henry Robinson, Mem. Inst. C.E., F.G.S., Professor of Civil 
Engineering, King's College, London, &c., with large folding plate. 
Demy 8vo, cloth, \2s, dd, > 

Slide Valve. — A Treatise on a Practical Method 

of Designing Slide- Valve Gears by Simple Geometrical Construction^ based 
upon the principles enunciated in EucUd*s Elements, and comprising the 
various forms of Plain Slide- Valve and Expansion Gearing ; together with 
Stephenson's, Gooch's, and Allan's Link-Motions, as applied either to 
reversing or to variable expansion combinations. By Edward J. Cow- 
ling Welch, Mem. Inst M.E. Crown 8vo, cloth, dr. 

Soap. — A Treatise on the Manufacture of Soap and 

Candles, Lubricants and Glycerine, By W. Lant Carpenter, B.A., 
B.Sc. With illustrations, new edition, revised, crown 8vo, \2s, 6^. 

Stair Building. — Practical Stair Building and 

HandraUing by the Square Section and Falling Line System, By W. H. 
Wood. Folding plates, post 4to, cloth, lor. td. 

Steam Boilers. — Steam Boilers^ their Manage- 

ment and Working on land and sea. By James Peattis. With 
illtistrations, crown 8vo, cloth, 5^. 

Steam Engine. — A Practical Treatise on the 

steam Engine, containing Plans and Arrangements of Details for Fixed 
Steam Engines, with Essays on the Principles involved in Design and 
Construction. By Arthur Rigg, Engineer, Member of the Society of 
Engineers and of the Royal Institution of Great Britain. Demy 4to, 
copiously illustrated with woodcuts and 103 plates^ in one Volume. 
Second edition, doth, 25J. 
This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam Engines widiout entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Verticsd, Beam, Pumping, Winding, Portable, Semi- 
portable, Coruss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
GteaX Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the varbus details, such as Cylinders, Pistons, Pbton-rods, Connecting' 

B 
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cods, CroM-heads, Motion-Uocks, Ecoentrics, Simple, Rypannjon, Balanced, aiid EquUibritim 
SUdo-ndves, and Valve-geariiur will be minutely d^t witn. In this connection wilToe found 
articles upon die Velocity of Redprocatinc Parts and die Mode of Afrpiying the Indicator, 
Heat and Expansion of Steam CSovemors, and the lilce. It is the wntor's desire tp draw 
lustrations from every possible source, and give only those rules that present practice deems 
correct* 

Steam Bngine. — The Steam Engine considered as 

a Thermodynamic Machine^ a treatise on the 'niermodjmamic efficiency 
of Steam Engines, illustrated by Tables, Diagrams, and Kcamples from 
Practice. By Jas. H. Cotterill, M.A., F.R.S., Professor of Applied 
Mechanics in the Royal Naval College. Third edition, revised and 
enlarged, 8vo, cloth, 15J. 

Ste^ni Engine. — Steam Engine Management; a 

Treatise on the Working and Management of Stea,m Boilers. By F. 
CoLYER, M. Inst C.E., Mem. Inst M.E. New edition, i8mo, doth. 

Steam Engine. — A Treatise on Modem Steam 

Engines and Boilers^ including Land, Locomotive and Marine Engines 
and Boilers, for the use of Students. By Frederick Colyer, M. Inst 
C.E., Mem. Inst M.E. With z^ plates. 4to, cloth, I2j. dd. 

Sugar. — Tables for the Qtuintitative Estimation of 

the Sugars, with Explanatory Notes. By Dr. Ernest Wein ; translated, 
with additions, by William Frew, Ph.D. Crown 8vo, cloth, dr. 

Sugar. — A Handbook for Planters and Refiners ; 

being a comprehensive Treatise on the Culture of Sugar-yielding Plants, 
and on the Manufacture, Refining, and Analysis of Cane» Palm, Maple, 
Melon, Beet, Sorghum, Milk, and Starch Sugars ; with copious 
Statistics of their Production and Commerce, and a chapter on the 
Distillation of Rum. By C. G. Warnford Lock, F.L.S., &c.; 
B. E. R. Newlands, F.C.S., F.LC, Mem. Council Soc. Chemical 
Industry ; and T. A. R. Newlands, F.C.S., F.LC. Upwards of 2x30 
illustrations and many plates, 8vo, cloth, i/. los. 

Surveying. — A Practical Treatise an the Science of 

Land and Engineering Surveying, Levelling, Estimating Qttantities, etc, 
with a general description of the several Listmments required for Sur- 
veying, Levelling, Plotting, etc. By H. S. Merrett. Fourth edition, 
revised by G. W. Usill, Assoc. Mem. Inst C.E. 41 plates, with illus- 
trations an4 tables, royal 8vo, doth, izs, 6d, 

Surveying and Levelling. — Surveying and 

Levelling Instruments theoretically and practically described, for construc- 
tion, qualities, selection, preservation, adjustments, and uses, with other 
apparatus and appliances used by Civil Engineers and Surveyors. By 
W. F. Stanley. Second edition. 350 cuts, crown 8vo, cloth, yj. 6</. 
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Tables of Logarithms. — A B C Five-Figure 

Logarithms for general use. By C. J. Woodward, B.Sc. Containing 
Mantissae of numbers to 10,000. Log. Sines, Tangents, Cotan|[ent$, and 
Cosines to 10" of Arc. Together with full explanations and simple 
exercises showing use of the tables. 4/. 

Tables of Squares. — Barlow's Tables of Squares, 

Cubes^ Squan Roots^ Cube Roots^ Reciprocals of all Integer Numbers up to 
10,00a Post 8vo, doth, 6/. 

Telephones. — Telephones, their Construction and 

Fitting, By F. C. Allsop. Fourth edition, revised. With aio iUustra- 
Hons, Crown 8yo, doth, 5^. 

Tobacco Cultivation. — Tobacco Growing, Curing, 

and Manufacturing; a Handbook for Planters in all parts of the world. 
Edited by C. G. Warnford Lock, F.L.S. With illustrations. Crown 
8vo, doth, 7j. 6d. 

Tropical Agriculture. — Tropical Agriculture: a 

Treatise on the Culture, Preparation, Commerce and Consumption of the 
principal Products of the Vegetable Kingdom. By P. L SiMMONDS, 
F.L.S., F.R.C.I. New edition, revised and enlarged, 8vo, doth, 2ij. 

Turning. — The Practice of Hand Turning in Wood, 

Ivory, Shell, etc»^ with Instructions for Turning siich Work in Metal as 
may be required in the Practice of Tur|iiii|g; in Wood, Ivory, etc. ; 9I30 
an Appendix on Ornamental Turning. (A book for beginners.) By 
Francis Campin. Third edition, with wood oigramngs, crown 8vo, 
doth, 3^. 6^. 

Valve Gears. — Treatise on Valve- Gears, wjith 

special consideration of the Link-Motions of Locomotive Engines. By 
Dr. GusTAV Zbuner, Professor of Applied Mechanics at the Confede- 
rated Polytechniktun of Zurich. Translated from the Fourth German 
Edition, by Professor J. F. Klbin, Lehigh Umversity, Bethlehem, Pa. 
Illustrated, 8vo, cloth, I2x. dd. 

Varnish. — The practical Polish and Varnish-Maker; 

a Treatise containing 750 practical Receipts and Formulae for the Manu- 
facture of Polishes, Lacquers, Varnishes, and Ji^ans oi %U kii^ for 
workers in Wood aQd Metal, and directions for using same. By H. C. 
Standage (Practical Chemist), author of *^e ArtUt*s ManuiU of 
Pigments.' Crown Bvo, doth, 6jr. 

B a 
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Ventilation. — Health and Comfort in House Build- 

ing; or, Ventilation with Warm Air by Self-acting Suction Power. 
WiUi Review of the Mode of Calculating the Draught in Hot-air Flues, 
and with some Actual Experiments by T. Drysdale, M.D., and J. W. 
Hayward, M.D. With plates and woodcuts. Third edition, with some 
New Sections, and the whole carefully revised, 8vo, cloth, ^s. 6d. 

Warming and Ventilating. — A Practical 

lyeoHse upon Warming Buildings by Hot Water^ and upon Heat and 
Heating Appliances in general ; with an inquiry respecting Ventilation, 
the cause and action of Draughts in Chimneys and Flues, and the laws 
relating to Combustion. By Charles Hood, F.R.S. Re-written by 
Frederick Dye. Third edition. 8vo, cloth, 15^. 

Watchwork. — Treatise on Watchwork^ Past and 

Present, By the Rev. H. L. Nelthropp, M.A., F.S.A. With 32 
illustrations^ crown 8vo, doth, dr. 6</. 

CONTENTS : 
Definitions of Words and Terms used in Watchwork— Took—Time— Historical Sum« 
nuunr— On Calculations of the Numbers for Wheeb and Knions ; their Proportional Sizes, 
Trams, etc.— Of Dial Wheels, or Motion Work— Length of Time of Going without Winding 
up— The Verge— The Horizontal— The Duidex--The Levei^-The Chronometer— Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Siting— Compensation— Jewelling of 
Pivot Holes— Clerkenwell— Fallacies of the Trade— Incapacity of Workmen— How to Choose 
and Use a Watch, etc. 

Water Softening. — Water Softening and Purifi- 
cation : the Softening and Clarification of Hard and Dirty Waters. By 
Harold Collet. Crown 8vo, cloth, 5^. 

Waterworks. — The Principles of Waterworks 

Engineering, By J. H. T. Tudsbery, D.Sc, Hunter Medallist of Glas- 
gow University, M. Inst C.E., and A. W. Brightmore, M.Sc, Assoc. 
M. Inst. C.£. Second edition, with illustrations and 13 plates, medium 
8vo, doth, 25J. 

Well Sinking. — Well Sinking. The modem prac- 
tice of Sinking and Boring Wells, with geological considerations and 
examples of Wells. By Ernest Spon, Assoc Mem. Inst C.E. 
Second edition, revised and enlarged. Crown 8vo, doth, lOir. 6d, 

Wiring. — Incandescent Wiring HandrBook. By 

F. B. Badt, late ist Lieut Royal Prussian Artillery. With 41 iUustror 
Hans and 5 tables, i8mo, cloth, 4/. 6d, 

Wood- working Factories. — On the Arrange- 

mcnt. Care, and Operation of Wood-working Factories and Machimry^ 
forming a complete Operator's Handbook. By J. Richard, Mechanical 
Engineer. Second edition, revised, woodcuts, crown 8vo, doth, 5x. 
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SP0N8' DICTIONARY OF ENGINEERING, 

CiyiL, MECHANICAL, HILITABT, & NAVAL, 

WITH 

Teohnioal Terms in French, German, Italian, and Spanish. 



In 97 numbers, Super-royal 8vo, containing 3132 printed pages and 7414 
tngravings. Any number can be had separate : Nos. i to 95 is, each, 
post free ; Nos. 96, 97, 2j., post free. 



Complete List of all the Subjects : 



Abacus 
Adhesion .. 
Agricuhural Engines 
Air-Chamber 
Air- Pump .. 
Algebraic Signs .. 
Alloy 
Aluminium 

Amalgamating Machine 
Ambulance 
Anchors .. 
Anemometer 
Angular Motion .. 
Angle-iron.. 
Angle of Friction . . 
Animal Charcoal Machine 
Antimony, 4; Anvil 
Aqueduct, 4 ; Arch 
Archimedean Screw 
Arming Press 
Armour, 5 ; Arsenic 
Artesian Well 
Artillery, 5 and 6 ; 
Atomic Weights 
Auger, 7; Axles .. 
Ba£nce, 7 ; Ballast 
Bank Note Machinery 
Bam Machinery .. 
Barker's Mill 
Barometer, 8 ; Barracks 



Assaying 



Nos. 

I 
I 

1 and 2 
2 

2 
2 
2 
2 
2 
2 
2 

2 and 3 

3 and 4 
.. 3 
.. 3 
.. 4 
.. 4 
.. 4 
.. 4 

4 and 5 
5 

I 

6 and 7 
.. 7 
.. 7 

7 and 8 
.. 8 
.. 8 



Nos. 



Barrage 


8 and 9 


Battery .. 


.. 9 and 10 


Bell and Bell-hanging 


.. 10 


Belts and Belting.. 


.. 10 and II 


Bismuth .. 


.. II 


Blast Furnace 


.. II and 12 


Blowing Machine 


.. 12 


Body Plan.. 


.. 12 and 13 


Boilers 


.. 13, 14, 15 


Bond 


.. 15 and 16 


Bone Mill .. 


.. IJ 


Boot-making Machinery 


.. 16 


Boring and Blasting 


.. 16 to 19 


Brake 


.. 19 and 20 


Bread Machine ^.. 


.. 20 


Brewing Apparatus 


.. 2oand2i 


Brick-making Machines 


.. 21 


Bridges 


.. 21 to 28 


Buffer 


.. 28 


Cables .. 


.. 28 and 29 


Cam, 29; Canal .. 


.. 29 


Candles .. 


.. 29 and 30 


Cement, 30 ; Chimney 


.. 30 


Coal Cutting and Wa.shing Ma- 


chinery . , . , 


.. 31 


Coast Defence 


Zh 32 


Compasses.. 


.. 32 


Construction 


.. 32 and 33 


Cooler, 34 ; Copper 


.. 34 


Cork cutting Machine 


.. 34 
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Nos. 

Corrosion 34 and 35 

Cotton Machinery .. ••35 

Damming 35 to 37 

Details of Engines .. 37> 38 

Displacement 38 

Distilling Apparatus .. 38 and 39 
Diving and Diving Bells •. 39 

Docks 39 and 40 

Drainage 40 and 41 

Drawbridge .. .. .. 41 

Dredging Machine .. ..41 

Dvnamometer .. .. 41 to 43 

£lectro-MetaIlurgy .. 43> 44 

Engines, Varieties .. 44i 45 

Engines, Agricultural •. i and 2 
Engines, Marine .. .. 74* 75 

Engines, Screw .. .. 89, 90 

Engines, Stationary .. 9ii 92 
Escapement .. .. 45» 46 

Fan 46 

File-cutting Machine .. ..46 

tire-aims 46, 47 

Flax Machinery •• .. 47,48 
Float Water- wheds .. ..48 

Forging 48 

Foundmg and Casting .. 48 to 50 
Friction, 50 ; Friction, Angle of 3 
F.uel, 50; Furnace .. 50, 51 

Fuze, 51 ; Gas 51 

Geirihg 51, 52 

Gearing Belt .. .. 10, 11 

Geodesy 52 and 53 

Glass Machinery 53 

Gold, 53, 54; Governor.. .. 54 
Gravi^, 54; Grindstone .. 54 

Gun-carriage, 54; Gun Metal .. 54 
Gunneiy .. .. .. 54 to 56 

Gunpowder 56 

Gun li^achinery .. .. 5^} 57 

g and Tools ,. .. 57,58 

anger, 58; Harbour .. ..58 

Haulage, 58, 59; Hinging .. 59 
Hydraulics and Hydraulic Ma- 
chinery .. . .. .. 59 to 63 

Ice-making Machine .. ..63 

India-rubber •• .. ..63 

Ihdicator .. • •• ., 63 and 64 

Ihjector 64 

Iron .. .. .. 64 to 67 

txon Ship Building .. " ^1 

Irrigation 67 and 68 



Nos. 
Isomorphism, 68 : Joints .. 68 

Keels and Coal Snipping 68 and 69 
Kiln, 69 ; Knitting Machine .. 69 
Kyanising .. .. .. ..69 

Lamp, Safety .. .. 69, 70 

Lead 70 

Lifts, Hoists .. .. 70, 71 

Lights, Buoys, Beacons ..71 and 72 

• Limes, Mortars, aihd Cements .. ji 

Locks and Lock Gates .. 72, 73 

Locomotive .. .. ••73 

Machine Tools .. .. 73,74 

Manganese .. .. .. 74 

Marine Engine .. ..74 and 75> 

Materials of Construction 75 and 7^ 
Measuring and Folding .. ..76' 

Mechanical Movements .. 76,77 
Mercury, 77 ; Metallurgy .. 77 

Meter 77, 78 

Metric System 78 

Mills 78, 79 

Molecule, 79 ; Oblique Arch .. 7J| 
Ores, 79, 80 ; Ovens .. .. sp 
Over-shot Water-wheel .. 80, 8^1 

Paper Machinery 8"l 

Permanent Way .. .. 81, 82 
Piles and Pile-driving . . 82 and 83 

Pipes 83,84 

Planimeter 

Pumps 

Quarrying .. 

Railway Engineering .. 85 and 8^ 

Retainiiu; Walls .. ... .. 8p 

Rivers, fe, 87; Riveted Joint .. 87 

Roads 87, 88 

Roofs ^, ^ 

Rope-making Machinery .« ^ 

Scsiffolding .. .. .. 8^ 

Screw Engines •• .. 89,90 
Signals, 90; Silver .. 90, 91 
Stationary Engine .. 91, 92 
Stave-making & Cask Machinery ga 
Steel, 92 ; Sugar Mill^ .. 92, 93 
Surveying and Surveying Instru- 
ments 93, ^ 

Telegraphy .. .. 94; 9J 
Testing, 95 ; Turbine .. 'j 9$ 
Ventilation .. 95, 9a gj 

Waterworks .. .. 90, gg 
Wood-working Machinery 96, 97 
Zinc 96, 97 
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In nqwr-royal in, ii6S pp^ wSA 1400 iUmtroHtiu, in 3 Divlstoiu, dodi, price 13*. id. 
each ; or i ToL, doth, a£ ; ot half-morocco, a/. 8>, 



A SUPPLEMENT 



TO- 



8PON8' DICTIONARY OF ENGINEERING. 

Editbd by ERNEST SPON, Assoc. Mem. Inst. C.E. 



Abacus, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony. 

Axles and Axle-boxes. 

Bam Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Dififerential and 
IntegraL 

(!:aii^s. 

Carpentry. 

Cast Ixobl 

Cetneiit, C<m^rete, 
Limes, and Mortar. 

Chimney Shafts. 

Coal Clteansing and 
Washing. 



Coal Mining. 

Coal Cutting Machines. 

Coke Ovens. Copper. 

Docks. Drainage. 

Dredging Machinery. 

Dyndmo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
tical details,Telephones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Poller. 

Heat. Horse ^ower. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

lifts, Hoists^ flnd Eleva- 
tors. 



Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed^to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis- 
sion. 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

Steel 

Steam Navvy. 

Stone Machinery. 

Tramways. 

W«U Sinking. 
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In demy 4to, handsomely bound in cloth, illustrated with 25^0 full page plates^ 

Price IS'. 



=ARCHITECTURAL EXAMPLES 

IN BRICK, STONE, WOOD, AND IRON. 

AIOOMPLETE WORK ON THE DETAILS AND ABEANGEMENT 
OF BUILDING CONSTRUCTION AND DESIGN. 

By WILLIAM FULLERTON, Architect. 

Containing aao Plates, with numerous Drawings selected from the Architecture 
of Former and Present Times. 

The Details and Designs are Drawn to Scale, J", J", J", and Full sue 
being chiefly ^used. 



The Plates are arranged in Two Parts. The First Part contains 
Details of Work in the four principal Building materials, the following 
being a few of the subjects in this Part : — ^Various forms of Doors and 
Windows, Wood and Iron Roofs, Half Timber Work, Porches, 
Towers, Spires, Belfries, Flying Buttresses, Groining, Carving, Church 
Fittings, Constructive and Ornamental Iron Work, Classic and Gothic 
Molds and Ornament, Foliation Natural and Conventional, Stained 
Glass, Coloured Decoration, a Section to Scale of the Great Pyramid, 
Grecian and Roman Work, Continental and English Gothic, Pile 
Foundations, Chimney Shafts according to the regulations of the 
London County Council, Board Schools. The Second Part consists 
of Drawings of Plans and Elevations of Buildings, arranged imder the 
following heads : — ^Workmen's Cottages and Dwellings, Cottage Resi- 
dences and Dwelling Houses, Shops, Factories, Warehouses, Schools, 
Churches and Chapels, Public Buildings, Hotels and Taverns, and 
Buildings of a general character. 

All the Plates are accompanied with particulars of the Work, with 
Explanatory Notes and Dimensions of the various parts. 
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IVitA marfy 1500 iUtutrations^ in super-royal 8yo, in 5 Divisions, doth. 
Divisions i to 4, \y. 6d. each ; Division 5, 17J. 6<^. ; or 2 vols^ cloth, £^ lor. 

SPONS' ENCYCLOPEDIA 



INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 
PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following :— - 



Adds, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 ngs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 fijg^. 
Alloys. Alum. 

Asphalt Assaying. 
Beverages, 89pp.29ngs. 
Blades. 

Bleaching Powder, 15 PP* 
Bleaching, 51 pp. 48 ^. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

pp. 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuflfs, l6 pp. 
Electro-Metallurgy, 13 

pp. 
Eiqplosives, 22 pp. 33 figs. 
Feathers. 
Fibrous Substances, 92 

PP- 71 ^^ 
Floor-doth, 16 pp. 21 




Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 11 
pp., II figs. 

Knitted Fabrics — 
Hosiery, ISPP* I3figs. 

Lace, 13 pp. 9 ngs- 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, ID pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint. 

Paper, 26 pp. 2j figs. 

Paraffin, 8 pp. o figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 10 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 
^ pp. 45 figs. 
Spices, 10 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Sugar, 15s pp. 134 

Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 

Woollen Manufactorei^ 
58 pp. 39 figs. 
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SECOND EDITION, 

Crown 8vo, cloth, with illustrations, 5s. 

WORKSHOP RECEIPTS. 

FIRST SERIES. 



SYNOPSIS OF 

Alloys 

Bleacihing 

Bookbinding 

Bronzing 

Candle-making 

Cements and Lutes 

Cleansing 

Crayons 

DraMrings 

Dyeing 

Electro-plating 

Engraving 

Etching 

E3tplosives 

Fireworks 

Fluxes 

Fulminates 

Glass 



CONTENTS. 

Graining 

Gunpo^vder 

Iron & Steel Tem- 
pering 

Lathing and Plas- 
tering 

Marble ^Vorking 

Painting 

Paper 

Paper-hanging 

Papier-Mach6 

Pavements 

Photography 

Plating 

Polishing 

Pottery 

Re([^overing \Vast^ 
Metal 
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Crown Svo, doth, 485 pages, with illnstrations, 5/. 

WORKSHOP RECEIPTS. 

SECOND SERIES. 



Synopsis of Contents. 



Addimetry and Alkali- 
metry. 
Albumen. 
Alcohol. 
Alkaloids. 
Baking-powders. 
Bitters. 
Bleaching. 
Boiler Incrustations. 
Cements and Lutes. 
Cleansing. 
Confectionery. 
Copying. 



Disinfectants. 

Dyeing, Staining, and 

Colouring. 
Essences. 
Extracts. 
Fireproofing. 
Gelatine, Glue, and Size. 
Glycerine. 
Gut. 

Hydrogen peroxide. 
Ixik. 
Iodine. 



Iodoform. 

Tginglass. 

Ivory substitutes. 

LeaUier. 

Luminous bodies. 

Magnesia. 

Matches. 

Paper. 

Parchment. 

Perchloric add. 

Potassium oxalate. 

Preserving. 



Pigments, Paint, and Painting : embracing the preparation of 
Pigments^ induding alumina lakes, blacks (animal, bone, Frankfort, ivory, 
lamp, sight, soot), blues (antimony, Antwerp, cobalt, cseruleum, Egyptian, 
manganate, Paris, Pdigot, Prussian, smalt, ultramarine), browns (bistre, 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswidc, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian, 
sap, Scheele's, Schweinfurth, titanium, verdigris, zinc), reds (Brazilwood lake, 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco- 
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites (alum, 
baryta, Chinese, lead sulphate, white lead — ^by American, Dutch, French, 
Grerman, Kremnitz, and Pattinson processes, precautions in making, and 
composition of commerdal samples — whiting, Wilkinson's white, zinc white), 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Paint 
(vehides, testing oils, driers, grinding, storing, applying, priming, drying, 
filling, coats, brushes, surface, water-colours, removmg smeU, discoloration ; 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, lime paints, silicated paints, steatite paint, transparent paints, 
tungsten paints, window paint, zinc paints) ; Fainting (general instructions, 
proportions of ingredients, measuring paint work ; carriage painting — ^priming 
paint, best putty, finishing colour, cause of cradung, mixmg the paints, oils, 
driers, and colours, varnishing, importance of washing vehides, re-varnishing, 
how to dry paint ; woodwork painting). 
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Crown 8vo, doth, 480 pages, with 183 illustrations, 5/. 



WORKSHOP RECEIPTS, 



THIRD SERIES. 



Uniform with the First and Second Series. 



Synopsis of Contents. 



Alloys. 


Iridium. 


Rubidium. 


Aluminium. 


Iron and SteeL 


Ruthenium. 


Antimony. 


Lacquers and Lacquering. 


Selenium. 


Barium. 




SUver. 


Beryllium. 


Lead. 


Slag. 


Bismuth. 


Lithium. 


Sodium. 


Cadmium. 




Strontium. 


Csesium. 


Magnesium. 


Tantalum. 


Calcium. 


Manganese. 


Terbium. 


Cerium. 


Mercury. 


Thallium. 


Chromium. 


Mica. 


Thorium. 


Cobalt 


Molybdenum 


Tin. 


Copper. 


Nickel 


Titanium. 


Didymium. 


Niobium. 


Tungsten. 


Ki^ftinels and Glazes. 


Osmium. 


Uranium. 


Erbium. 


Palladium. 


Vanadium. 


Gallium. 


Platinum. 


Yttrium. 


Glass. 


Potassium. 


Zinc 


Gold. 


Rhodium. 


Zirconium. 


Indium. 







Electrics, — Alarms, Bells, Batteries. Carbons, Coils, Dynamos, Micro- 
phones, Measuring, Phonographs, Telephones, &c, 130 pp., iiz iUustrations, 
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WORKSHOP RECEIPTS. 

FOURTH SERIES, 

DEVOTED yAINLY TO HANDICRAFTS & MECHANICAL SUBJECTS. 

850 ninitrationi, with C9mplet0 Index, anfl n /General Index to the 
Fonr Series, 68. 



Waterproofing — rubber goods, cuprammoniom processes, miscellaneous 

preparations. 
Packing and Storing articles of delicate odour or colour, ox a deliquescent 

character, liable to ignition, apt to suffer £rom insects or damp, or eaaly 

broken. 
Embalming and Preserving anatomical specimens. 
Leatl^er Polishes: 
Cooling Air and Water, produdi^ low temperatures, making ice, cooling 

syrups and solutions, and separating salts from liquors by refrigeration. 

Pumps and Siphons, embracing every useful contrivance for raising and 

supplying water on a moderate scale, and moving corrosive, tenacious, 

and other liquids. 
Desiccating — air- and water-ovens, and other appliances for drying natural 

and artificial products. 
Distilling — ^water, tinctures, extracts, pharmaceutical preparations, essences, 

perfiimes, and alcoholic liquids. 

Emulsifying as required by pharmacists and photographers. 

Evaporating — saline and other solutions, and liquids demanding special 
precautions. 

Filtering — water, and solutions of various kinds. 

Percolating and Macerating. 

Electrotyping. 

Stereotyping by both plaster and paper processes. 

Bookbinding in all its details. 

.Straw Plaiting and the fiibrication of ba«iket8, matting, etc 

Musical Instruments — ^the preservation, tuning, and repair pf pianos, 
harmoniums, musical boxes, etc 

Clock and Watch Mending— adapted for intelligent amateurs. 

Photography — ^recent development in rapid processes, handy M>paratus, 
numerous recip^ for sensitizing and developLpig solutions, and applica- 
tions to modem illustrative purpose^ 
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Crowp 8vo, doth, with 373 illustrations, price 5^. 

WORKSHOP RECEIPTS. 

FIFTH SERIES. 



Containing many new Articles, as well as additions to Articles induded in 
the previous Series, as follows, viz. : — 



Anempmeters. 

Barometers, How to make. 

Boat Building. 

Camera Ludda, How to use. 

Cements and Lutes. 

Cooling. 

Copying. 

Corrosion and Protection of Metal 
Surfaces. 

Dendrometer, How to use. 

Desiccating. v 

Diamond Cutting and Polishing. Elec- 
trics. New Chemical Batteries, Bells, 
Conunutators, Galvanometers, Cost 
of Electric Lighting, Microphones, 
Simple Motors, Phonogram and 
Graphophone, Registering Appa- 
ratus, Regulators, Electric Wdding 
and Apparatus, Transformers. 

Evaporating. 

Explosives. 

Fikering. 

Fireproofing, Buildings, Textile Fa- 
brics. 

Fire-extinguishing Compounds and 
Apparatus. 

6lass Manipulating. Drilling, Cut- 
ting, BreiJring, Etching, Frosting, 
Powdering, &c. 



Glass Manipulations for Laboratory 

Apparatus. 
Labels. Lacquers. 
Illuminating Agents. 
Inks. Writing, Copying, Invisible, 

Marking, Stamping. 
Magic Lanterns, their management 

and preparation of slides. 
Metal Work. Casting Ornamental 

Metal Work, Copper Wdding 

Enamels for Iron and other Metals, 

Gold Beating, Smiths' Work. 
Modelling and Plaster Casting. 
Netting. 

Packing and Storing. Acids, &c. 
Percolation. 
Preserving Books. 
Preserving Food, Plants, &c. 
Pumps and Syphons for various 

liquids. 
Repairing Books. 
Rope Tackle. 
Stereotyping. 
Taps, Various. 
Tobacco Pipe Manufacture. 
Tying and Splicing Ropes. 
Velocipedes, Repairing. 
Walking Sticks. 
Waterproofing, 
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In demy Svo, cloth, 600 pages and 1420 illustrations, 68. 
FOURTH EDI!tION. 

SPONS' 
MECHANICS' OWN BOOK; 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 

Contents. 
Mechanical Drawing — Casting and Founding in Iron, Brass, Bronze, 
and other Alloys — Forging and* Finishing Iron — Sheetmetal Working 
—Soldering, Brazing, and Burning — Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses. Explanations (vdth Diagrams) of 1 16 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture. 
Garden and Yard Erections, and House Building — Cabinet-Making 
and Veneering — Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings — Gilding, dead and bright, on various grounds — Polishing 
Marble, Metals, and Wood — ^Varnishing — Mechanical movements, 
illustrating contrivances for transmitting motion — Turning in Wood 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotta 
and Concrete — Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c. — 
Glazing with and without putty, and lead glazing — Plastering and 
Whitewashing — Paper-hanging — Gas-fitting — Bell-hanging, ordinary 
and electric Systems— Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges ---Hedges, Ditches, and Drains — Water 
Supply and Sanitation— Hints on House Construction suited to new 
coimtries. 

E. & F. N. SPON, Ltd., 126 Strand, London. 
New York : SPON A GHAMBEBLAIN. 



PRINTBD BY WILLIAM CLOWBS AND SONS, UMITBD, STAMFOSD 8TRBBT 
AND CHARING CROSS. 
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